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vKey ﬁndings
In both high and low prevalence areas in Northeast Guinea, trypanosomosis is seen by farmers and animal
health service providers (AHSPs) alike as the most important cattle disease. According to farmers, 22% of 
cattle fall ill with the disease each year.
The predominant, albeit not always intentional, trypanosomosis control behaviour is keeping trypanotolerant 
N’Dama (>98% of cattle). The only other control method in widespread use is treatment with drugs, which 
almost all (88%) animals believed to be sick with trypanosomosis receive. Traditional treatments are also 
important (47% of sick animals receive this); but as an adjunct to, rather than a substitute for, modern 
medicine (92% of cases).
The success of trypanosomosis control is demonstrated by low mortality (<1%) and low case fatality (5%) in
the cattle population. But some evidence suggests the disease situation is likely to deteriorate, as it has done 
in Burkina Faso and Southeast Mali:
• Trypanosomosis management is a subsidiary consideration when farmers choose breeds (ranking
7th). As farmers become more market-oriented and draught-reliant, some have introduced zebus and 
crossbreeds (3% of farmers) and more (21%) plan to putting at risk the resource of trypanotolerance.
• Farmers’ almost universal ignorance of drug indications (88% unaware), the phenomenon of 
resistance (100% unaware), correct treatment of zebus and crossbreeds (100% unaware), and signs
speciﬁc for trypanosomosis (100% unaware), leads to suboptimal animal-health-seeking behaviour
and unnecessary or inappropriate treatments which encourage the development of resistance.
• Irregular, distant and expensive drug supplies impede timely and effective treatment.
The factors identiﬁed by the study as most likely to foster resistance to trypanocides are: under-dosing with
diminazene and ethidium, dosing by rule-of-thumb rather than weight (100% of farmers and AHSPs) and 
substituting polypharmacy for good diagnosis (29% of treatments). 
There are many AHSPs in Mandiana (around 170), almost all (169) being unofﬁcial or quasi-ofﬁcial.
Community animal health workers (CAHWs) are the most available, accessible and affordable trained
AHSPs. They have a strong competitive advantage in giving clinical treatment and their quality of service
is comparable to more highly trained providers (98% treatments satisfactory). Veterinary pharmacies in
neighbouring countries are the most price-competitive source of trypanocides (on average 44% cheaper than 
AHSPs in Guinea).
Farmer animal-health-service-seeking behaviour can be accurately predicted by a demand-side model 
incorporating accessibility, availability, quality, affordability and acceptability. The most important AHSPs 
are fellow farmers and the least important is the private veterinarian.
Although 79% of treatments given to cattle were clinically satisfactory, as judged by likely effects on animal
health, most treatments were irrational when considerations of cost to the client and the externality of 
resistance were taken into account (89% of cases). 
There is a strong and signiﬁcant positive association between unsatisfactory treatment, treatment by 
untrained AHSPs, keeping crossbreeds/zebus, much disease and high potential for development of 
resistance.
There is a strong and signiﬁcant positive association between satisfactory treatment, treatments by CAHWs 
or veterinarians/technicians, farmer knowledge of drugs, farmer concern over trypanosomosis, and farmer 
perception of disease prevalence.
vi
Recommendations
Following from the ﬁndings of the study, recommendations can be made in four key areas:
1. Improve the knowledge and skill of AHSPs and farmers, speciﬁcally to discourage the following
factors that most likely foster resistance and/or result in unsatisfactory treatment:
• Use of isometamidium as a prophylactic in pure N’Dama cattle
• Ignorance of drug indications, especially in the case of Trypanosoma brucei infections
• Estimating dosage by rules of thumb without taking into account cattle weight or likely infection
status
• Ignorance of dosages for zebus and crossbreeds
• Poor diagnostic skills.
2. Safeguard the genetic resource of trypanotolerance by:
• Providing information on resistance to help farmers make more informed choices on breed 
selection
• Breed conservation and preservation support.
3. Support trained AHSPs by:
• Legitimizing the role of CAHWs and technicians in treatment of trypanosomosis
• Improving linkages (referral networks) between CAHWs and veterinarians
• Making funds available for training new and re-training existing AHSPs.
4. Ensure adequate and affordable drug supply by:
• Harmonizing drug prices with Mali and Côte d’Ivoire
• Supporting veterinary pharmacies
• Supporting the training of veterinary surgeons.
11 Introduction
Agrarian populations in Africa depend on livestock for food, crop production, savings
and fulﬁling cultural obligations. As rural households move out of poverty, they move 
into livestock keeping, investing progressively in poultry, small ruminants and cattle.1
Using draught cattle for ploughing increases ﬁvefold the area that can be cultivated2 and 
livestock have long been a preferred method of asset accumulation, easily converted to 
cash to meet regular or unexpected household needs. 
In the extensive, low external input farming systems that predominate in sub-Saharan 
Africa, the major constraint to livestock keeping is ill-health and animal health products 
are typically the single biggest expense for the livestock enterprises.3
Trypanosomosis is the most important livestock disease and is present in a third of the 
continent putting at risk 60 million cattle.4 It is controlled primarily through the use 
of drugs, secondarily by keeping trypanotolerant cattle and to a much lesser extent 
by control of the tsetse ﬂy vector of trypanosomosis. Control is imperfect (losses still
amount to billions of dollars per year) and increasingly threatened both by resistance to 
trypanocide drugs and loss of trypanotolerant genetic resources.
Control of trypanosomosis occurs within the animal health system, the understanding of 
which is a prerequisite to improving management of trypanosomosis and trypanocide
resistance.
For millennia, African farmers have coped with animal diseases by a combination
of animal husbandry practices and ethno-therapeutics. The colonial era saw the 
establishment of government animal health services. Initially, priority was given to 
protecting the nascent commercial sector from pandemic disease; later the objectives 
of reducing disease and improving traditional livestock keeping as a means of 
development were added. These objectives no longer entirely reﬂect the priorities of 
African states which rarely privilege farmers, lack resources to deliver comprehensive 
animal health care, and have lost conﬁdence in extension as a means of transforming
agriculture. In recent decades, the objective of comprehensive state-delivered animal
health services has been largely abandoned by policy and decision-makers.
In an era of market liberalization, privatization and decentralization, little is compulsory 
and everything is available (for a price). Consequently, the role of farmers has changed 
from that of passively receiving services and adopting technologies, to actively 
ﬁnding, selecting and paying for the services and goods they see ﬁt. Understanding
the motivation and animal-health-seeking behaviour of farmers, for long a neglected 
and under-researched area, thus becomes crucial to sustainable and successful animal
disease control. 
This report describes how methodologies widely used in medical sociology and 
anthropology for studying health-seeking behaviour were adapted to investigate how 
farmers in Northeast Guinea control trypanosomosis.
The study presented in this report was an activity of the project ‘Improving the 
management of trypanocide resistance in the cotton zone of West Africa: A co-ordinated
regional study’. This project has the goal of improving the livelihoods of smallholder 
farmers in West Africa, and is working in three countries—Mali, Burkina Faso and 
Guinea—to address policy, practice and economic aspects of trypanosomosis control in
the presence of resistance to trypanocides.
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2The introductory section giving context and background to the study is followed by section
two comprising a brief review of the literature on medical-health-seeking behaviour and
a model for veterinary-health-seeking behaviour. Section three outlines the methods and 
methodology of the study. Sections four and ﬁve summarize ﬁndings on the cattle keepers, 
cattle and animal health problems in the study area. The next section adopts a health 
behaviour framework to better understand animal health service providers (AHSPs). Section
seven describes the knowledge, attitude and practice of trypanosomosis management 
in the study area, and identiﬁes factors predisposing to resistance. Section eight looks at 
differences in socio-economic factors between zones at high and low risk of resistance. In 
section nine, outcomes of animal-health-seeking behaviour are investigated, speciﬁcally
whether the behaviour succeeds in obtaining clinically satisfactory and rational treatment. 
Relations between socio-economic and epidemiological factors are described; the animal-
health-seeking model developed is validated by using logistic regression to investigate
relations between animal health outcomes and determinants. The last section draws 
general conclusions.
Note 1: Trypanosomosis
African Animal Trypanosomosis (AAT) is caused by blood parasites transmitted by the tsetse ﬂy. In 
cattle, most disease is due to Trypanosoma congolense, T. vivax and T. brucei brucei. Tsetse infests
around 10 million km2 in 37 countries of sub-Saharan Africa. There are around 30 species of tsetse, 
categorized as forest, river or savannah according to ecotype preference. An estimated 60 million cattle 
are at risk from trypanosomosis and an additional 140 million cattle could be kept in areas rendered 
unsuitable for livestock by the presence of tsetse. AAT is typically a chronic disease. The cardinal
signs are fever, progressive weight loss and anaemia. In susceptible animals (zebus), death is frequent. 
However, indigenous taurine cattle and their crosses (trypanotolerant breeds) can tolerate infection
and even recover without treatment. Three drugs are commonly used to treat trypanosomosis in cattle: 
Isometamidium chloride (ISMM), ethidium and Diminazene aceturate (DIM). ISMM is commonly used 
for medium-term prevention (up to six months) and ethidium occasionally for short-term prevention.
African human trypanosomosis or sleeping sickness is caused by T. b. gambiense in West and Central 
Africa and T. b. rhodesiense in South and East Africa. The disease in West Africa is chronic, while T. b. 
rhodesiense causes an acute and severe illness. Sleeping sickness is a re-emergent disease; around 60 
million people, living in 250 foci, are at risk and there are an estimated 300 thousand cases a year, the 
great majority of which go undiagnosed and untreated. Natural infections with T. b. gambiense have 
been found in domestic animals and this has a role in the epidemiology of the human disease. For T. b. 
rhodesiense, the linkage with animals is better established and treating the domestic animal reservoir has 
been recommended as a new approach to control.
Note 2: Resistance
Resistance is the heritable loss of sensitivity of a population of micro-organisms to a deﬁned 
concentration of antimicrobial. A natural phenomenon, resistance has developed to all classes of 
antimicrobials, and the ﬁrst cases of resistance to a trypanocide were reported in 1927, ﬁve years after 
its introduction. Resistance is fostered by high quantity and poor quality of use, in particular by under-
dosage and irregular treatment intervals. While high quantity of use may be in the interests of farmers, 
poor quality of use is inevitably counter-productive.
Report
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32 Understanding animal-health-seeking behaviour: Theoretical frameworks
Human health-seeking behaviour is a much studied ﬁeld and several frameworks have been 
proposed to explain how and why people act to maintain or regain health. We review the 
models currently used and suggest how they can be adapted for the study of animal health.
An early, and still widely used, framework is the Health Belief Model, shown in Diagram
1.5 Derived from social psychology, this framework relates health-seeking action to beliefs
about health and cues (internal or external eliciting factors such as health campaigns, pain).
Beliefs in turn depend on socio-demographic and psychological factors. Later versions of 
this model incorporate motivation or readiness to be concerned about health matters.6
Diagram 1. Health Belief Model.
The Theory of Planned Behaviour7 recognized that health seeking occurs in a social
context. The determinants of health-seeking behaviour in this model are the attitude
towards the behaviour (inﬂuenced by beliefs about the costs and beneﬁts of the behaviour),
subjective norms (perceived social pressure to engage or refrain from behaviour) and 
perceived behavioural control (Diagram 2). The incorporation of ‘subjective norms’ is
particularly relevant to rural communities in developing countries where social factors 
play an important part in determining behaviour, and more recently social capital has been 
introduced into health-seeking behaviour conceptualization.8
Diagram 2. Theory of Planned Behaviour.
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4The Health Care Utilization Model (HCUM),9 also known as the socio-behavioural or
Andersen model, a model developed speciﬁcally to investigate the use of bio-medical
health services, has been very inﬂuential. This model groups factors affecting health care 
into three logical categories; predisposing factors, enabling factors and need factors as
shown in Diagram 3.
Diagram 3. Health Care Utilization Model.
The preceding models focus on the person seeking health care. Other models are supply, 
rather than demand, oriented. These models have been particularly important in the 
context of re-structuring and management reforms in health services. An example is the 
‘Four A’s’ (Diagram 4), a model widely used by medical geographers, health economists
and evaluators of health services. This model can incorporate the transaction costs
of accessing medical services. (Transaction costs are the costs involved in making an 
economic exchange; often ignored in the past, their importance in determining the uptake 
and use of goods and services is now being recognized.) In terms of animal health care, 
transaction costs include cost of ﬁnding information on the goods and services available,
costs of accessing these (transport and opportunity costs of time) and costs of negotiating
and enforcing the terms of exchange.
   Diagram 4. Four A’s Model.
The previously described frameworks model the factors that inﬂuence health-seeking
behaviour. An alternative approach is to model the processes rather than the predictors
of behaviour. Among these so-called pathway models, the best known and most widely
used is the Trans-theoretical Model of Behaviour Change10 shown in Diagram 5. This
posits that health behaviour change involves progress through ﬁve stages of change:
pre-contemplation, contemplation, preparation, action and maintenance. The path of 
change is sequential but not linear and relapses can occur. An important corollary is that, 
at any given time, only a proportion of the affected population will be prepared to carry 
out health-seeking behaviour. An extension of these models, are the so-called Successive 
Choice models which look at treatment sequences and switching between different
treatments modalities.
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5  Diagram 5. Trans-theoretical Model of Behavioural Change.
Widely used and continuously developed over the last 50 years, health models have 
not escaped criticism; speciﬁcally, for being over-rationalistic, under-theorised and 
context-deﬁcient. Certainly, most models are cognitive and assume that behaviour is
rational, while empirical evidence ﬁnds that health-seeking behaviour is often irrational.11
Many models lack theoretical depth and are more a listing of relevant variables than a 
conceptualization of the interacting components which make up health systems. Models 
capture association but not necessarily causation and caution should be used when 
assuming explanatory power. And most models have been developed in the west and 
applied without questioning or change to developing countries.
However, health models provide a unique and useful tool for diagnosis of problems in
health-seeking behaviour and design and evaluation of interventions to resolve them. They 
provide an analytic framework which deepens understanding of health-seeking behaviour, 
and there is empirical evidence of their practical usefulness.12
The sociology of veterinary medicine is a neglected ﬁeld, and health-seeking behaviour
models developed in the ﬁeld of human medicine seem not to have been applied to 
animal health. In the past, livestock keepers in Africa were seen as the recipients of 
state-delivered livestock services and most new African nations took responsibility for 
epizootic control, clinical services and extension, a context in which farmer-health-
seeking behaviour had little relevance. From the 1980s onwards, indebted states became 
increasingly unable to provide these services; at the same time consensus grew that many 
services provided by the government could be more equitably and efﬁciently provided by 
other actors. Programs of radical privatization, market liberalization and decentralization
were undertaken in most African countries. In this new era, the farmer takes a central 
role in determining the quality and quantity of animal health services they receive. 
Understanding farmer behaviour takes on a new importance, and models developed for 
human health-seeking can give an insight into animal health. However, human health-
seeking models cannot be applied directly to animal health. Economic considerations
are more important in animal-health-seeking behaviour, (although by no means the only 
criterion for decision-making). Environment and management factors often play a greater 
role in animal disease. Animal health seeking is by proxy and often involves multiple
recipients—in this it is similar to health-seeking behaviour by mothers for sick children,
which has been successfully modelled.13
Taking these modiﬁcations into account we developed two models for animal-health-
seeking behaviour. The ﬁrst is a demand-side model based on the 4A’s model with a 
component of quality added and the second an animal-health-seeking behaviour model 
based on Kroeuger’s development of the Health Care Utilization Model14 (Diagram 6). In 
later chapters we use these models to investigate study data on farmer choice of animal
health service provider (AHSP) (section 6), and outcome of farmer animal-health-seeking
behaviour (Section 9).
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6Diagram 6. Animal-health-seeking Behaviour Model.
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73 Materials and methods
A study was carried out in Northeast Guinea to investigate farmer knowledge, 
attitude and practice (KAP) relating to trypanosomosis management; elucidate 
factors that influence animal-health-seeking behaviour and outcome; and 
investigate factors associated with high risk for chemo-resistance. Questionnaires 
were administered to farmers (no. = 300) and animal health service providers 
(AHSP) (no. = 16) and Rapid Assessment Procedures (RAP) used to obtain 
qualitative data. 
Upper Guinea, the largest and poorest of the four regions of Guinea, lies in the 
northeast of the country, bordered by Mali and Côte d’Ivoire. Consisting of wide 
flood plains separated by extensive plateaus, the climate is typically Sudano-
Guinean with a dry season of six to seven months followed by abundant rains 
(1200–1800 mm/year). The population is predominantly Malinké, with a significant 
minority of settled Fulani (Peulh Wossoulou) and smaller numbers of Sousou and 
Forest Region ethnic groups. The principal crops are maize, sorghum and groundnut, 
with fonio in the North and manioc in the South. In low-lying river areas, rice 
is often the most important crop. Production of cotton, the main cash crop, has 
declined in recent years due to the poor functioning of the cotton parastatal. Animal 
traction is used to produce all these crops, and a minority of farmers also keeps 
large herds for milk, meat and sale. Mandiana, where the study was carried out, is
a large prefecture to the east of Upper Guinea, with 12 sub-prefectures, one large 
town (Mandiana) and 73 villages.
Map 1. Study site.
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8The study took place in three sub-prefectures located in North, Central and South 
Mandiana (Dialakoro, Kantoumanina and Saladou respectively). Two were chosen 
because epidemiological surveys had revealed a high prevalence of African Animal
Trypanosomosis (AAT) and some evidence of resistance to trypanocides (potential
‘hot-spots’ for resistance development). In these villages the rate of infection with
trypanosomosis, as detected by microscopic examination was 13% and 10% respectively. 
An otherwise comparable prefecture of low prevalence was selected on the basis of 
judgement by local animal health professionals as a ‘low disease’ control group. Here 
the level of infection, or prevalence, in the initial survey was 2%. Table 1 summarizes
important characteristics of the three study zones.
Table 1. Sub-prefectures studied
Sub-prefecture
AAT prevalence 
(%)
Villages
Livestock 
keepers
Total 
population
Cattle CAHWs
Livestock 
associations
Dialakoro 13.3 11 1568 31,090 29,714 5 4 (160 members)
Saladou 10.0 26 770 12,021 6379 5 3 (80 members)
Kantoumanina 1.6.0 10 532 5987 2612 2 3 (79 members)
The objectives of the study were to:
• describe how farmers manage trypanosomosis in Mandiana Prefecture, Upper
Guinea
• identify problems in management leading to inadequate disease control or drug
resistance
• investigate the variables which inﬂuence health-seeking behaviour and health
outcomes
• investigate the variables associated with risk of resistance to trypanocides
• suggest strategies for improving the management of trypanosomosis and trypanocide
resistance.
All livestock keeping farmers in the villages where epidemiological surveys had been 
carried out were eligible for inclusion in the study. Comprehensive sampling (with every 
member of the study population eligible for inclusion) was chosen to simplify data 
collection and analysis. Ex ante sample size estimation indicated a sample of 100 per site 
was required; where there were less than 100 farmers in the village chosen, farmers were 
systematically selected on the periphery of the village until the quota was met. This resulted 
in the selection of two villages in the North (high disease), four villages in the South (high 
disease) and four villages in the Centre (low disease). The number of respondents from each 
village is given in Table 2, for a total of 300. Fourteen local AHSPs (that is, AHSPs located 
within the sub-prefecture) were interviewed, representing 80% of the total. The only private 
veterinarian in Mandiana and two technicians were also interviewed as the study villages 
fall within their zone of activity. Attempts were made to interview informal sector AHSPs; 
however, their reticence and unwillingness to co-operate rendered this unfeasible.
Table 2. Survey respondents
Sub-prefecture Village Households Local AHSPs Distant AHSPs
Dialakoro (North) Dialakoro
Faraba
81
19
1 veterinary ofﬁcer, 4 trained
CAHWs, 2 untrained CAHWs
1 private veterinary
Saladou (South) Saladou
Ourala
Tindila
Laminina
25
30
25
20
1 veterinary ofﬁcer
3 CAHWs
2 technicians
Sub-prefecture Village Households Local AHSPs Distant AHSPs
Kantoumanina (Centre) Kantoumanina
Trio
Sokouraba
Kiniéba
64
20
6
10
1 veterinary ofﬁcer
2 CAHWs
Three sites:
two hot-spots 
and one 
control
Subjects
Cattle
keeping
farmers in 10 
villages
No. = 300
AHSPs
No. = 17
Study 
objectives
9Three complementary methods of data collection were used: Rapid Assessment 
Procedures (RAP), a Knowledge, Attitude and Practice (KAP) Survey of farmers and a 
questionnaire-based evaluation of AHSPs.
RAPs were carried out in the three sub-prefectures by a veterinarian experienced in
participatory data collection and a sociologist (a graduate student). Translation into local 
language was by veterinary ofﬁcer (VO) supervisors. The procedures included semi-
structured interviews with key AHSPs (5), focus group discussions (FGD) with community
animal health workers (CAHWs) (8 attending) and participatory analyses with ‘expert’ 
farmers (around 45 participating). Three hundred KAP questionnaires were administered in
10 villages (in 3 sub-prefectures), by VO supervisors. A sociologist carried out interviews
with 16 AHSPs including the only private veterinarian in Mandiana, 3 VOs in the sub-
prefectures of study, 9 trained CAHWs, 2 untrained AHSPs and 2 technicians.
Standardized data collection instruments were developed based on instruments used for 
data collection in other project working areas in Burkina Faso and Mali. Instruments were 
pre-tested and modiﬁed during a workshop in Mandiana. Questionnaires were written
in French and administered in Malinké, following the standard format developed in the 
training workshop, and responses were written in French. Questionnaires were checked 
by an on-site supervisor (sociology student) and inconsistencies corrected and gaps ﬁlled, 
where possible, by additional visits to farmers.
For logistic and budgetary reasons, the study was limited to three zones. Two out of the 
three high-disease zones (hot spots for resistance) were chosen for this study and it can 
be assumed that ﬁndings are representative of the high disease situation. But only one out 
of eight low-disease sub-prefectures was chosen as a control, and while it was chosen 
because local experts believed it to be representative, they may have been mistaken.
Because all farmers in the villages were selected and response rates very high, it can be 
assumed that there was little bias in selection of respondents, however, the responses of 
farmers may be biased by reluctance to admit to behaviour which they think ofﬁcials may 
view as less acceptable.
Data was entered into an Excel spreadsheet. Analysis was carried out with MINITAB, SPSS 
and EpiINFO. 
Note 3: Survey methods
Rapid Assessment Procedures (RAP) are deﬁned as methodologies that provide health workers and 
anthropologists with guidelines for conducting rapid assessments of health-seeking behaviour.15 RAP 
was developed in the 1980s by anthropologists and social scientists seeking for more rapid and practical
methods for understanding health. Although developed independently, there has been much cross-
fertilization with Rapid Rural Appraisal, which has origins in rural development research, and RAP can be 
considered as part of the family of Participatory Learning and Action approaches. RAP has been supported 
by various United Nations agencies, the World Health Organization (WHO), World Bank and donors 
such as the Ford Foundation; it has been widely used both as a research methodology and a development 
planning and evaluation tool.
KAP is a rapid and semi-quantitative methodology which seeks to elicit cogent and coherent set of 
responses related to a concrete problem. This method is probably the most widely used in the investigation
of health-seeking behaviour.
Data
collection
RAP and KAP 
surveys
Sources 
of bias
Develop-
ing study 
instruments
Analysis
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4a Sample description: Households 
We found a traditional, homogenous society starting to change, with extended families 
being replaced by smaller units and with children better educated than their parents. 
Households are large, young and male-headed. Literacy rates are very low but increasing. 
While asset wealth is low, a large proportion of active household members contribute 
to social capital. In the North, households are larger, autochthonous and Malinké, while 
in the Centre and South the population is mainly comprised of Fulani (Peul) with some 
recent in-migrants.
The Knowledge, Attitude, Practice (KAP) survey covered 10% of livestock keepers and 
11% of the cattle population in the three sub-prefectures of Dialakoro, Saladou and 
Kantoumanina. Just two ethnic groups were recorded: Malinké and Fulani (Peul). Villages
in the North were predominantly Malinké, and those in the Central and South were 
mixed, with a Peul majority (Figure 1). The population was relatively stable, only 8% of 
the respondents were in-migrants, and no migrants were present in the northern villages.
Figure 1. Ethnicity and origin of household head by zone.
Household size was large, an average of 18.4 members. Households were larger in the 
North (average 26.6 members) than in the South (12.5) or Central areas (16.3). Fifty-
ﬁve percent of the population were aged less than 15, a demographic pattern typical of 
developing countries, and similar to the proportion of population under 15 in Guinea as 
a whole (44%).16 As our survey took place in a poor rural area, larger household sizes
can be expected. Only 2% of the population surveyed was over 75. There were more old 
women than old men; this is demographically typical, as is the slightly higher proportion
of male infants. The ratio of adult women to men is 1.2:1 which may reﬂect the practice of 
polygamy and/or out-migration of men in search of work. The complete breakdown by age 
and sex is shown in Figure 2.
Figure 2. Household composition.
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Around half (56%) of the household members were described as active, i.e. currently at 
home and engaged in productive or reproductive work (Figure 3). Reasons for inactivity
were age (very old and very young), illness or school attendance. However, a small 
percentage of people over 75 (10%) and of children under the age of 5 (1%) were reported 
as active.
For the majority of households (80%) the primary unit of production (and cattle keeping)
continues to be the extended family. Households consist of patrilineal kinship units in
which polygamous unions are typical. Nuclear families consisting of husband, wife(s) and 
children are becoming more common, especially in the South (29%) and Central area 
(26%). The traditional West African extended farm household has undergone rapid change 
in recent years, disaggregating into smaller nuclear units. This has been linked to more 
specialized, high-input farming, young men seeking autonomy from patriarchal control17
and socio-economic differentiation resulting from greater integration with the market 
economy.18
Figure 3. Active and non-active members per household by village.
The average respondent age was 52.6 years (range 21–116 years). There was little variation
between villages or between high-disease and low-disease areas (Figure 4). Only one 
household head was female. Although women-headed households in West Africa are not 
necessarily poorer than male-headed households, they have less access to livestock and to 
animal health services and their under-representation in a survey of cattle keepers is not 
surprising.19
Figure 4. Age ranges of household head by village.
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The great majority of respondents (95%) had received no formal education and most of the 
few who attended primary school (80%) did not proceed to secondary education (Figure
5). More farmers had participated in non-formal education than formal education, 9% 
had attended Koran classes and 7% had attended alphabetization classes. In all, 15% of 
farmers had some experience of education. In Guinea, average adult literacy is reported at 
41%,16 but in a poor, rural prefecture such as Mandiana, levels would be expected to be 
lower than the national average.
There was a signiﬁcant association between attendance of alphabetization and formal 
education (p < 0.000, Fisher’s exact test) but not between attendance of Koran classes 
and formal education (p = 0.263, Fisher’s exact test). There was also strong and signiﬁcant
association between age and attendance of formal education (12% of farmers aged less 
than 40 had attended formal education whereas only 3% of farmers older than 40 had 
attended school) (P = 0.002, Chi square test).
Figure 5. Education of household head by zone.
A minority of school-age children attended school (38%). This is similar to the enrolment 
ﬁgures reported for Upper Guinea (38%).20 Attendance was much higher in the South and 
Centre than in the North (Figure 6). Attendance was higher if the head of household had 
received education (47% of children attending), than when the head of household had 
not received education (36% attendance). School attendance was much higher in Peul 
families (59%) than Malinké (22%). There was no correlation between school attendance 
and household asset wealth. Withdrawing children from school to look after livestock can 
reduce their access to education, but in this survey there was no signiﬁcant correlation
between school attendance and cattle ownership suggesting this was not a problem.
Figure 6. Proportion of school age children attending school in each zone.
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Measuring wealth in African farming systems is problematic. Income (earnings from 
current productive activities and capital transfers) is usually small, unpredictable and 
prone to misstatement. For this reason, consumption/expenditure is believed to be a better 
measure of wealth, but these data are difﬁcult, expensive and time consuming to collect 
and being usually based on self-reports, liable to recall bias. Because of these problems, 
indicators for wealth related to household assets or characteristics are widely used and 
have been found to correlate well with more complex methods of wealth estimation.21
One of the simplest, yet reasonably valid, classiﬁcations is that used by the Demographic
and Health Studies.22 The poor have minimal possessions (up to a bicycle or radio),
unsafe water source, poor or no toilet facility. The less poor have improved housing and 
possessions beyond that of the poor, i.e. any or all of electricity, refrigerator, television,
motorcycle/car/lorry. By this categorization 75% of the study population were poor and 
25% less poor. The average incidence of less poor in West Africa is 27%, and as the pre-
requisite for inclusion in the study (ownership of cattle) excludes the poorest, it can be 
assumed the level of poverty in the study villages as a whole was greater than average for 
West Africa. This is not surprising given that Mandiana is one of the poorest regions in
Guinea which is itself a poor country (62% of the population of Upper Guinea are living
in poverty).20
Possession of transport is important not only as an indicator of wealth, but also as a means 
of accessing animal health services. Nearly all households had bicycles (98%), but only 
one in four households had motorcycles or scooters. There was an average of 2.7 bicycles 
per household (range 0–16), and one bicycle for every 2.6 active household members. 
The study measured another ﬁve proxies or predictors reported as useful for estimating
wealth in rural West Africa, viz. cattle ownership (increasing with household wealth), 
proportion of family members who are active (odds of being rich increases monotonically
with household size), school enrolment (increases with wealth) and monogamy 
(polygamous households are poorest).23 Indices were constructed by assigning a score 
based on the number or presence of each asset. This straightforward method is widely
used but more complicated indices can be calculated using statistical techniques such 
as determinant analysis to assign a weighting to the index and may be more accurate.24
Appendix 3 describes the construction of wealth indices.
We found a high correlation between the three factors relating to asset ownership (cattle, 
bikes and scooters), and between number of active family members and monogamy; 
however, the latter two were inversely correlated with school enrolment (Table 3). This
suggests that at least three different dimensions of wealth are being assessed: asset wealth 
and two aspects of human capital, ﬁrstly, labour, (related to current capital) and secondly, 
education (related to investment in future capital). An asset index was constructed by 
giving a score corresponding to the three asset wealth proxies and summing these. A 
social wealth index was similarly constructed (Figure 7). There was wide variation in asset 
wealth between individuals and villages, differences in social assets were less marked.
Table 3. Correlations between wealth proxies
Correlation Correlation
Cattle/bike 0.94 Active/monogamy 0.68
Bike/scooter 0.70 Active/school –0.79
Cattle/scooter 0.86 Monogamy/school –0.45
An inverse relation was seen between assets and social capital with the North having high
scores for the former and low for the latter, while in the South and Centre the reverse was 
true (see Figure 8). But the small number of proxies used makes it difﬁcult to draw strong 
conclusions on assets and social capital.
Wealth: 
Assets and 
social
capital
Wealth
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Figure 7. Wealth indices: Assets and social capital.
Figure 8. Asset and social index by zone.
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4b. Sample description: Cattle keeping
We found most herds were small/medium sized and almost exclusively trypanotolerant, 
but zebu and crossbreed intromission is starting in the North. The farming system is low 
external input with reliance on abundant water and natural grazing. Cattle are kept mainly 
for crop production, but cultural and ﬁnancial reasons are also important. The traditional 
system of communal herding during the growing season and free-range for the rest of the 
year is being replaced by individual herders, many of whom are migrant Fulani (Peul).
The 300 households in the survey owned a total of 4422 cattle or 15 per household. There 
was considerable variation between villages, with those in the North having larger herds. 
Herd size in the subhumid zone is typically lower than in pastoral areas but higher than 
in humid areas (where tsetse infestation depresses numbers). A summary of several studies
in subhumid Africa found cattle per household ranged from 14 to 77.25 In Guinea as a 
whole, the average herd size has been estimated at 10, somewhat lower than our result.26
The minimum number of cattle needed per household depends on the farming system; in
a pastoral system at least 10 cattle per person are required to meet food needs,27 while in
an agro-pastoral system with poorly developed markets for draught animals, it has been 
estimated 8–10 cattle per household are the minimum needed.28 Slightly more than half 
(55%) of households in this study meet the latter criterion.
Cattle ownership was skewed but not highly so (Figure 9, kurtosis = 11.2, skewness = 2.8). 
One-third of the farmers had 1–5 cattle, another third had 6–15 and the remaining third
had 16 or more cattle. Another study of 11,000 herds in Upper and Central Guinea found 
that 77% of herders had 10 or less cattle, 21% had 11–50 and only 2% had more than 
50.29 In our study, larger herds were more common (56% less than 11, 40% from 11–50 
and 4% more than 50). Lorenz curves constructed to compare equity of cattle ownership
between areas indicated that ownership was least equitable in the Centre zone (Diagram 
7).
Figure 9. Herd size frequency chart.
Linear regression showed signiﬁcant predictors of herd size included prevalence of 
trypanosomosis, the number of household members, the number of bikes and scooters, the 
age of the household head and the years of experience of the herder (R2 adjusted = 0.613). 
The age, origin, knowledge of trypanosomosis and education of the household head, the 
number of roles occupied by cattle, the mortality from trypanosomosis and the distance of 
water sources were not signiﬁcant predictors of herd size (Annex 1).
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     Diagram 7. Lorenz curves for equity in cattle ownership in different zones.
The cattle population was predominantly trypanotolerant (98.7% N’Dama, 1% 
crossbreeds and 0.2% zebus), with villages in the Centre and South having only 
trypanotolerant cattle. Trypanotolerance has been deﬁned as the relative capacity
of an animal to control the development of trypanosome parasites and to limit their
harmful effects allowing cattle to survive, reproduce and remain productive at levels 
of trypanosome risk at which other breeds would require trypanocidal drugs.30
Trypanotolerance is a characteristic of the taurine or humpless breeds found in west and 
Central Africa, of which N’Dama are the most numerous. Guinea is considered to have 
an exclusively trypanotolerant population,31 but this study shows how this is changing.
Although less than 1% of cattle are crossbreeds, 3% of farmers keep crossbreeds (most 
commonly as breeding bulls) and 21% of farmers intend to keep crossbreeds or zebus 
in the future. This is in keeping with a general trend which has seen zebu cattle expand 
southwards, N’Dama populations increase, and crossing of zebu and trypanotolerant 
become more common.32 There has been concern that farmer preference for métis will
result in the loss of trypanotolerant genes and there is evidence for increasing genetic
introgression of zebu into trypanotolerant populations.33
Comparing zebu/métis owners with farmers in the same villages who owned exclusively 
trypanotolerant cattle showed that zebu/métis owners were older, richer, with more 
children at school, more cattle and a higher proportion of female cattle, see Table 4 (Mann 
Whitney test was used as data were not normally distributed.)
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Table 4. Differences in medians of household characteristics between keepers of different breeds
Household size Age Children at school Wealth index Cattle
Zebu/métis owners 29 60 4 22 45
N’Dama owners 21 50 0 8 22
P value 0.179 0.047 0.014 0.002 0.001
This proﬁle suggests Guinea is at the start of an adoption curve. Adoption of new 
technology is typically led by more expert, and less poor, farmers, and taken up by others 
as beneﬁts are seen. This hypothesis is strengthened by the ﬁnding that although relatively 
few farmers presently have zebus or crossbreeds, many plan to have them in the future. 
Although station trials have shown that trypanotolerant cattle have similar production
to zebus in terms of metabolic weight, the large price differential between zebus and 
N’Damas and the revealed behaviour of farmers across the region suggest a decided
preference in favour of crossbreeds and zebus. PRAs showed that while productivity and 
disease resistance were important criteria, also important were temperament, fertility and 
ability to gain a good price when selling the animal (Diagram 8). In these latter respects, 
zebus and crosses have deﬁnite advantages over N’Dama. Farmers in the survey who kept 
zebus said they preferred this breed because of its greater size and faster speed while
working; as farmers judge productivity in terms of productivity per animal rather than per 
unit metabolic weight, their perception that zebus are more productive and proﬁtable is
understandable. So although for now N’Dama remain incontestably the most important
breed in Mandiana, it seems likely that this situation will change as it has done elsewhere 
in the cotton zone and crossbreeds will become more important.
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Power X X X X X X X 6
Proﬁtability Power X X X X X X 5
Disease resistance Disease Disease X X X X X 6
Good temper Power Power Disease X X X X 1
Rapid growth Power Power Disease Growth X X X 2
Fertility Power Power Fertility Fertility Fertility X X 4
Milk Power Power Disease Milk Growth Fertility X 2
Coat colour Power Power Disease Temper Coat Coat Milk 1
Kantoumanina
Proﬁtability Power Resist disease Milk Manure Good temper Rapid growth Fertility Score
Power Power X X X X X X X 6
Resist disease Resist Power X X X X X X 4
Milk Milk Milk Milk X X X X X 6
Manure Manure Power Resist Milk X X X X 3
Good temper Temper Power Temper Temper Temper X X X 7
Rapid growth Growth Power Resist Milk Manure Temper X X 2
Fertility Fertility Fertile Fertile Fertility Fertile Temper Fertile X 7
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Diagram 8. Pairwise classiﬁcation of the preferred of two desirable cattle characteristics by farmers in two villages 
(Dialakoro and Kantoumanina).
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In all areas, but especially the North, the number of cows and calves exceeded those of 
oxen and bulls (see Figures 10a and 10b), indicating many farmers are able to meet their
needs for draught cattle from within the herd. (In Guinea, bulls and oxen are used for 
draught purposes, but not cows.) Just 9% of farmers kept only draught cattle, and most 
of these were in the central villages (63%). Draught cattle were introduced to Guinea in
1925, one of the earliest introductions in West Africa, but as recently as 1977 draught 
cattle in Upper Guinea were estimated at less than 10% of the total cattle population.29 In 
our study, adult males comprised nearly a third of the population.
The ratio of calves to cows was 1 calf for 2.3 cows, indicating a low calving index,
high calf mortality or both. With a calving index of 12 months (but cows at their full 
reproductive potential), and a calf mortality of under 5% (attainable with good husbandry 
and health care), the ratio of calves to cows should be almost 1:1.
The herd size and structure found in this study are within the ranges found by other studies
in subhumid Africa, although the herd size is smaller than average and the proportion of 
bulls and oxen higher than average indicating a system oriented more towards draught. 
Table 5. Herd size and structure reported from subhumid Africa
Ref.
Dehoux & 
Hounsou
(1993)
Bryant & Norval 
(1984)
Kadohira 
(1996)
Chilonda et 
al. (2000)
Pullan
(1979)
Itty et al. 
(1995)
Rege et al. 
(1993)
Un-weighted
average
This
study
Country Benin Zimbabwe Zambia Zambia Nigeria Congo Nigeria Subhumid Guinea
Study 1988–92 Not given 1995–96 1997 1974–77 1986–89 1979–90 2004
Bulls (%) 11.9 9.0 8.0 5.0 12.8 7.0 13.1 8.0 9.4% 16
Oxen (%) 0.0 14.2 19.9 22.0 16.7 20.0 0.0 13.5 18.6 18
Cows (%) 35.6 39.0 35.0 36.0 34.6 45.0 40.1 54.6 40.1 35
Heifers (%) 18.4 3.9 7.0 14.0 14.8 9.0 17.9 13.0 11.8 16
Calves (%) 34.1 33.9 30.2 23.0 25.5 19.0 28.8 11.1 25.0 15
Source: FAO (2002). Cattle and small ruminant production systems in sub-Saharan Africa: A systematic review.
Figure 10a. Herd structure.   Figure 10b. Herd structure by zone.
In nearly all households (99.3%), someone was assigned the task for herding cattle. In just 
over half the households, the herder was a member of the family (usually a boy or young 
man). A system of communal herding is widely practised whereby one herder looks after 
the cattle from several different households, being paid according to the number of cattle. 
Where non-family members were used, these were always Fulani (Peul); many came from 
outside Guinea, some from as far as Mauritania (Figure 11).
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Figure 11. Origin of herders.
Many households only use a herder during the season of cultivation (June to November). 
The rest of the year, cattle are left unattended to seek food, water and shelter; they may 
not be seen for days or even weeks. This traditional way of keeping N’Dama (called 
divagation) acts as a breed improvement scheme for disease resistance. Animals are rarely 
seen and difﬁcult to treat; those who are susceptible to disease die, leaving the strongest 
and best adapted. This system, always discouraged by state agents, is declining as cattle 
become more valuable (giving incentives to avoid losses by guarding and treating animals)
and cultivated land increases (leading to conﬂicts when free-roaming animals cause 
damage).
Households with fewer cattle, with fewer male children, and from the Peul ethnic group 
were more likely to have herders from outside the family. All these differences were 
statistically signiﬁcant, see Table 6.
Table 6. Factors associated with employing a herder from outside the family 
<5 cows >5 cows Peul Malinké <5 boys >5 boys
Family member 40 121 62 112 64 99
Stranger 60 79 112 29 86 56
Chi square P = 0.001 P<0.000 P<0.000
Herders are typically paid in cash; in the South and Centre a ‘standard’ rate of 300 FG 
per cow per month was common. Some herders also received two days milk per week 
(equivalent to approximately 6000 FG per month); these herders received a higher cash 
payment on average. Herders paid at the higher rate were mainly employed by Fulani
(Peul) and had more decision-making responsibility, for example 46/56 of herders paid
at the higher rate decided the place of watering and pasture versus 17/76 of the herders 
paid at the lower rate. Of the herders paid the higher rate 17% were in the South, 83% in
the Centre and 0% in the North, a difference that was highly statistically signiﬁcant (Chi
square, p<0.000) see Table 7. 
Table 7. Remuneration of herders
Herders (%) Paid in kind
Value of milk—
average
Cash per 
cow—average
Total cash wage per 
month—average
Cash and kind
56 – 300 4050 4050
40 2 days milk 6000 1000 8658 14,658
2 Milk and manure 6000 0 0 6000
1 90 lt milk/month 45,000 FG 300 1700 46,700
1 Presents of milk ? 300 1800 ?
Peul—Mali Peul—Guinea Peul—Mauritania
Divagation
eliminates
the
weakest
Paying
herdsmen
10 cents 
per cow per 
month
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The main source of food for cattle is natural (unimproved) pasture. Fodder crops are 
not grown, but cattle are fed on crop residues after harvest. Divagation (leaving cattle 
untended during the dry season) is widely practised, especially when few cattle are 
owned. 
For most cattle, the main source of water is surface water courses. These are used during
the rainy season and in the cold dry season. Towards the end of the dry season, many 
water courses gradually dry up and most farmers use wells or pumps as the secondary 
source. Around a third (29%) of farmers use one source of water, 70% use two sources 
and just 1% use three sources. The main source of water was an average of 1.5 km from 
the house that of the second source on average 1.2 km and the third 1.5 km.
There was a large and highly signiﬁcant difference between the villages in the North 
where 90% use only surface water and those in the Centre and South where 1% use 
only surface water, as shown in Table 8 (Chi square test, p<0.000). In villages with less 
disease problems, the distance to the pumps/well was 14 times less than in villages with
high disease problems, a large and highly signiﬁcant difference that suggests having a 
pump/well close at hand and using it is strongly protective (a t-test showed a difference
of 2063 m, p<0.000). Studies in Burkina Faso have found that there is often much lower 
trypanosomosis prevalence in cattle watered at wells and pumps, than in cattle from 
the same villages watered at streams or rivers.34 However, there are practical difﬁculties
in implementing this control strategy as it is difﬁcult to water large numbers of cattle at 
pumps or wells. In this study, farmers who never used wells/pumps had larger herds (27.8 
head of cattle) than farmers using wells and pumps (10.3).
Table 8. Primary and secondary sources of water for cattle
Sources of water Utilization (%) Distance of well/pump
South Surface course and well/pump
Surface water only
Well/pump and surface water
97
2
1
2363 m
Central Surface water and well/ pump 100 156 m
North Surface water
Surface water and well/pump
90
10
385 m
Cattle occupy multiple roles; a median of ﬁve per household (Figure 12). Multi-
functionality implies a relatively unspecialized livestock enterprise, where risk is
minimized through diversiﬁcation at the expense of decreased productivity (Table 9, also 
summarized in Figure 13). Giving a weighting to roles (8 = most important, 1 = least 
important, 0 = not a role) and then summing these allows a more complete analysis
as all ranks are taken into account (as ranks may not fall on a continuous linear scale, 
where the difference between contiguous ranks is identical, this method is only an 
approximation of importance given to different roles). After weighting,35 traction remained
the most important role of cattle, followed by ceremonies and then sale (Figure 14). There 
were marked differences between the villages in the North and Centre where traction
was the most important role and the villages in the South where socio-cultural reasons 
predominated (Figure 15). 
Table 9. Role of cattle in the farm enterprise assigned by farmers in study (no. = 300)
Number of farmers assigning role
First role Second role Third role
Arable production Traction 212 48 21
Manure 6 42 24
Cultural Ceremonies 51 56 67
Marriage 3 83 6
Financial Savings 11 26 29
Sale 4 20 95
Livestock products Meat 0 0 1
Milk 13 24 56
Low 
external
input
system
Many roles 
for cattle
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Figure 12. Number of roles occupied by cattle.
Figure 13. Rankings given to different roles.
Figure 14. Weighted ranking of cattle roles. 
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Figure 15. Most important role by zone.
Traction is a relatively recent introduction. In the focus group discussions (FGD), farmers 
reported that, in this area, usage of draught cattle started in the 1940s and did not become 
widespread for several decades (draught cattle were introduced to Guinea in the 1920s). 
Its pre-eminence now shows how quickly the farming system is evolving. Integrating
cattle into the farming systems leads to rapid leaps in productivity, by increasing the area 
cultivated and improving soil fertility from manure.36
However, socio-cultural uses of cattle still remain important, especially in the South. 
Cattle are given as part of the bride price, two cows being the customary offer. There 
was a highly signiﬁcant difference between Peuls (traditionally pastoralists) and Malinké
(traditionally agriculturists) in the importance given to cattle for marriage. Forty-one 
percent of Peuls considered being an offering for marriage to be the ﬁrst or second role of 
cattle compared to 12% of Malinké (p<0.000, Chi square test). In contrast, there was no 
signiﬁcant difference in the importance of cattle for other ceremonies between Peuls and 
Malinké (Chi square, p<0.87). 
Financial services were also important. In developing countries where ﬁnancial services
are difﬁcult to access by farmers and not always reliable, livestock are a way of saving
and a hedge against inﬂation. Livestock are also a liquidity instrument, easily converted 
into cash when households need money for school fees, hospital fees, social occasions,
purchase of farm inputs or re-imbursement of credit.
Milk production is valued by farmers and can be proﬁtable; the price per litre in Mandiana
prefecture is 500 FG. However, FGDs revealed that milk was rarely commercialized.
Meat production was of very little importance; generally animals were slaughtered for 
consumption only when they had terminal disease or injury.
Farmers were also asked about their preferences for different cattle breeds (Figure 16). 
Most farmers kept N’Dama because they can ‘tolerate humidity’ and hence survive in the 
zone. Farmers observe that zebus are common in the drier areas and when they come into
the wetter zones they often fall sick. For them, this sickness is linked to humidity, whereas 
in fact it is due to pathogens to which zebus are more susceptible, and which are more 
common in humid areas. Other reasons were linked to the low upkeep of N’Dama (easy 
to feed, easy to care for, tolerant of food scarcity, widely available). Many farmers had 
N’Dama because they could not afford or did not know enough about other breeds. Few 
farmers had N’Dama because they resisted trypanosomosis and fewer still because they 
liked the breed. Some farmers chose N’Dama because of a false belief, for example saying
that N’Dama gives more milk. Many had N’Dama because they had inherited them.
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Figure 16. Reasons for keeping N’Dama.
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5 Animal health problems
Farmers and animal health service providers (AHSP) report many animal health problems, 
with a few common diseases causing most problems; trypanosomosis is the most 
important problem. 
The majority of respondents (96%) experienced cattle health problems in the last 12 
months, with most reporting multiple problems (average 5 problems, mode of 9, see 
Figure 17). Three inferences can be drawn from this: farmers believe a substantial disease
burden exists, recognize numerous syndromes and believe that while N’Dama cattle may 
be disease-tolerant, they are far from disease free. 
Figure 17. Frequency of number of animal health problems experienced by farmers last year.
Twenty-six cattle health problems were reported, but just 10 diseases made up 95% of 
the total (Figure 18). This is typical of disease distribution in animals and humans with
a minority of diseases being responsible for the majority of morbidity and mortality.37
Trypanosomosis was seen as the greatest problem, reported by 86% of farmers. For 77% 
of farmers, it was the most important problem; for 7%, it was the second most important
problem, and for 6%, it was the third most important. Tick infestation was cited almost as 
often as trypanosomosis (86% of farmers), but regarded as less serious; only ﬁve farmers 
saw it as the most important problem. Worms were regarded as being less common 
and less serious than trypanosomosis and less common but more serious than ticks. 
Other important diseases were weakness and abortion, both of which can be signs of 
trypanosomosis.
Farmer perception of disease is coherent with veterinary understanding of the animal
health situation of the zone and is consistent with the views of veterinarians working in
the area. The epidemiological studies in the villages showed that trypanosomosis was 
a present and important disease. Assessing the accuracy of farmer diagnosis is difﬁcult
because of the lack of gold standard reference tests which are cheap and suitable for use 
in the ﬁeld. However, other work by the project in Burkina Faso showed that the diagnosis
of common diseases by experienced farmers was as good as that of animal health 
professionals.38
N’Dama generally are resistant to non-exotic diseases, trypanosomosis, ticks and worms, 
yet these are regarded as the most important diseases. It should be pointed out though, 
that this resistance can be overwhelmed if the animal is stressed by work, malnutrition or 
other disease.39
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Figure 18. Numbers of farmers reporting different animal health problems in the last year.
Farmers perception of disease often differs from that of veterinarians. In this study, farmers 
saw disease in terms of a visible pathogen (e.g. ticks, worms); a salient symptom (e.g. 
diarrhoea, abortion); or a cluster of symptoms found together (emaciation, anorexia and 
staring coat, called trypanosomosis). In contrast, veterinarians view disease in terms of 
cause. This means there is sometimes discrepancy in interpretation of disease. Farmers did
not readily distinguish between diseases with similar symptoms (for example, demodicosis
and dermatophilosis), and considered some problems to be diseases which are certainly
(weakness), or probably (abortion), only part of a broader disease entity. Farmers often 
use analogies from human health, eschewing the western dichotomy between veterinary
and human medicine.40 Table 10 shows the diseases reported by farmers and possible
veterinary equivalents.
Table 10. Farmer reported diseases and their most likely veterinary equivalents
Local name Entity Most likely western equivalent
Malaria Cluster of symptoms Trypanosomosis, malnutrition
Ticks Visible parasite Ticks
Worms Visible Worms 
Weakness Single symptom Trypanosomosis, worms, malnutrition, ticks and tick-borne disease
Rash Symptom Dermatophilosis, demodicosis, lumpy skin disease
Respiratory Symptom Bacterial or viral infection
Diarrhoea Symptom Worms, viral or bacterial infection, diet
Abortion Symptom Trypanosomosis, brucellosis, other infectious disease
Wounds Disease Disease
Foot-rot Symptom Bacterial infections
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6 Service demand and provision
Unofﬁcial, or quasi-ofﬁcial, animal health service providers (AHSPs) predominate in 
Mandiana. Among trained AHSPs, community animal health workers (CAHW) are the 
most available, affordable, accessible and acceptable provider of clinical services, while 
veterinarians offer highest quality. Veterinary pharmacies in Mali are the most affordable 
source of drugs. A modiﬁed Four A’s model is developed and found to correlate well with 
farmer choice of AHSP.
Rapid assessment procedures (RAP) and secondary data sources revealed a wide variety
of AHSPs (see Table 11 for details). In Guinea, veterinary services have been privatized
for nearly a decade and in theory all curative animal health services and drugs are now 
provided by private veterinarians. However, a fully functioning private sector has yet to 
emerge, and the only private veterinarian in the sub-prefecture depends on government 
contracts (sanitary mandate) to survive. As is typical in the region, drug selling is his
most important and proﬁtable activity and drugs are sold freely to the general public 
and not just bona ﬁde clients. Technicians are employed by the private veterinarian to 
assist in the vaccination campaigns carried out under the sanitary mandate. During these 
campaigns, and at other times depending on availability, they treat animals and sell 
drugs. Government veterinary services remain stronger than elsewhere in the subregion
and still have an active role in animal health provision. Guinea was a lead country in
promotion of Livestock Associations (LA) and CAHWs and these remain important. LAs 
were established by a World Bank project; community veterinary pharmacies were set 
up and granted revolving funds. As is often the case, the revolving funds dissolved and 
pharmacies ceased to operate,41 but LAs remain a conduit for passing livestock related 
information and resources to communities and participate in development activities when 
external funds are available. CAHWs were trained and supervised by Veterinary Ofﬁcers 
(VOs) and linked to LAs and later private veterinarians. As funding dried up, some CAHWs 
became inactive while others continued working on their own account. However, to 
remain in business they have been forced to obtain drugs from cheaper sources (often 
in Mali) and expand the range of their activities to clinical treatments (injections, simple
operations). Most CAHWs are still in contact with VOs. Veterinary pharmacies in Mali
and Côte d’Ivoire are important sources of drugs, unsurprisingly, as prices are much lower 
and supplies more regular. These pharmacies sell drugs without prescription. An informal
sector exists and is important, but proved difﬁcult to investigate. Farmers and herders
themselves have a major role in treatment, mostly for their own herds but also for others. 
Most farmers (75%) either treat their own animals or get treatments from other farmers or 
herders. Traditional treatment has an important role, but is not commercialized. In one 
village, focus group discussion (FGD) participants said all farmers knew about and used 
traditional medicines while in other two villages farmers said that although all farmers had 
some knowledge, there were recognized healers or tradi-practitioners.
Timeline of animal health services in Guinea
Early 20 c Colonial administration established livestock services, but this has little impact in Mandiana
1950–1970s  Livestock services start, ﬁrst with visits and then posts in sub-prefectures
1970s  Livestock keeping heavily penalized by taxation and many farmers leave Guinea
1980s  World Bank projects established LAs and train CAHWs
   Major restructuring of livestock services; 12 thousand staff made redundant
1990s  Veterinary privatization, state veterinarians withdrew from the provision of clinical services
   Establishment of sanitary mandate, liberalization of veterinary drugs supply
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Table 11. AHSPs theoretical and actual roles
Number Qualiﬁcation Theoretical roles De facto roles
Veterinary Ofﬁcer—Post 8 1 veterinary doctor, 3 
technicians, 3 animal
husbandry graduates
Disease control
Livestock development 
Public health
Regulation and 
enforcement
In addition, treat sick 
animals and sell drugs
Veterinary Ofﬁcer—Central 4 2 veterinary doctors, 
2 animal husbandry 
graduates
As VO plus:
• Supervision of VOs
• Monitoring
As VO
Private veterinarian 1 Veterinary doctor Clinical services
Pharmacy
Statutory vaccination
Sell without
prescription
Sell to the general 
public and not just 
owners of animals
under their care
Community animal health 
workers (CAHW)
47 Basic training in
animal health, 
minority trained ‘on 
the job’
First aid and basic
treatments
Extension
Assist VO
All treatments
Sale of drugs
Technicians working for 
private veterinarian
14 3-year training in
animal health 
Assist private veterinarian
during statutory 
vaccination campaigns
In addition, treat 
animals and sell drugs
Livestock keepers 
associations
72–973
members
Basic training Credit
Literacy
Community pharmacies
Supervise CAHWs
No activities
Informal sector sellers 60* None None Sell drugs
Veterinary pharmacies in
Mali and Côte d’Ivoire
15 Veterinary doctor or 
technician
Drug sale Sell without
prescription
Sell to animals not 
under their care
Sell to foreigners
Farmers 54% treat their
own cattle and 21% get 
treatments from herders, 
other farmers or relatives
10,368 No specialized
training
Seek treatment from 
veterinarians
Pay for statutory 
vaccinations
Form associations
Treat own animals
Treat animals for 
friends and relatives
* This number was estimated from discussions with expert farmers and veterinary agents. It was not possible to interview
informal sector AHSPs.
The Four A’s framework was used to assess services and understand health-seeking
behaviour. Developed for human medicine, this uses criteria of Availability, Accessibility, 
Acceptability and Affordability to predict health-care utilization.
Availability is a measure of AHSPs’ effective presence. A key indicator is the number of 
providers relative to clients, but also important are opening hours, drugs stocked and level 
of supply interruptions. Numbers of AHSPs are shown in Table 12 with ratios of AHSPs 
to cattle and farmers. Numerically the most important AHSPs are farmers. Most (75%) 
farmers treat their own animals, and 21% obtain treatments and/or drugs from other 
farmers, herders and relatives. The acceptable ratio of AHSPs to animals depends on the 
type of service provided as well as the farming system and disease situation. For individual
animal treatment, as is the case of diagnosis and treatment of trypanosomosis, a ratio of 
one AHSP to 1000–5000 Tropical Livestock Units is recommended.42 It can be seen that 
only CAHWs are sufﬁciently numerous to provide individual care. While there are too few 
veterinarians to provide clinical services, numbers are sufﬁcient for the provision of drugs. 
Some AHSPs have multiple roles (Table 11), reducing their availability for treatment. For 
example, VOs are also involved in regulation, public health, disease control, development 
programs and extension on HIV-AIDS prevention.
Four A’s 
Model
Availability
of services
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All the AHSPs located in Guinea (but especially CAHWs) complained of irregular supplies
and interrupted stock. It must be noted that the indicator ‘drugs stocked’ is complicated by 
the prevalent false belief that antibiotics, worm tablets and minerals are effective against
trypanosomosis. AHSPs with this belief have therefore higher apparent availability of 
‘drugs against trypanosomosis’ than the AHSPs who, knowing that only trypanocides are 
active against trypanosomosis, restrict their usage to these. However, it is the availability
perceived by farmers rather than true availability which inﬂuences farmers’ animal health 
seeking decisions, and we use the SP’s self-reported assessment of drugs stocked in this
analysis.
Table 12. Numbers of AHSPs and ratios to cattle and farmers
AHSP
Private 
veterinarian
Technicians CAHWs VO–Dr
VO-
other
Other
farmers
Informal
Number 1 8 47 1 7 365 60
AHSP:cattle 131,727 16,466 2803 29,714 11,137 360 2195
AHSP:client 10,368 1296 221 1868 853 28 173
Accessibility is related to distance (Table 13), but also to penetration and quality of 
roads and availability of transport. Accessibility was assessed in the RAP by constructing
diagrams of the villages and AHSPs (Diagram 9). 
Table 13. Average distance of AHSPs used by farmers in study villages
Location Km AHSPs
Village 0 CAHW Livestock association Tradi-practitioners Farmers
Neighbouring villages 15 CAHW Informal sector
Sub-prefecture 5 VO Post Informal sector 
Prefecture 83 VO central Private veterinarian Technicians
Neighbouring prefecture 62 Veterinary pharmacies Informal sector
Mali, Côte d’Ivoire 70 Veterinary pharmacies Informal sector
Diagram 9. Accessibility and availability of different AHSPs in the three study sites.
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Accessibility also depends on available transport. Nearly all farmers (98%) have personal 
transport, but only 24% of farmers have motorized transport (scooter or motorcycle). All 
roads in Mandiana are marram and public transport is costly, infrequent and unreliable.
The cost of going to Mandiana from more distant villages in the North and South by public
transport is 16,000 FG and 4000 FG for farmers in the Central area. 
One leading economist considers distance to be the most important transaction cost for 
animal health services in developing countries.43 Farmers must pay in time and in money 
to go to the service provider. If clinical treatment is required, they must then pay for 
the AHSP to visit the animal. The cost of the latter is often prohibitive. Farmers can buy 
drugs when they visit markets or towns for other reasons or borrow from other farmers, 
spreading the costs of drug buying. In contrast, getting clinical services for a large animal
normally requires a special visit. While some AHSPs make visits to prefectures or villages,
they are present in any one village for at most a few days per month and only animals sick 
at the time of the visit can be treated. 
Accessibility is most of a problem when farmers have most need for health care. The 
seasonal calendars shown below (Diagram 10) is constructed by farmers as part of the RAP, 
shows that trypanosomosis is most severe during the rainy season when travel is difﬁcult.
           Diagram 10. Calendar of disease.
Affordability is a function of price, perceived quality, perceived need and means. 
Trypanocides are not prohibitively expensive (as little as 25 US cents per treatment) and 
compared to the value of a cow, represent good value for money. But for poor and very 
poor farmers, cost is often an overriding factor in making health choices and even small 
amounts can be important. Indeed, a recent study on childhood mortality in the study area 
found that the main reason for not treating sick children was expense.44
The cheapest provider of clinical service is often the owner. All AHSPs put a proﬁt margin
on drugs and some charge for transport and giving treatments. Comparing the average 
Asset Index (a measure of wealth described earlier) of farmers who only used AHSPs to 
give treatments with farmers who never used AHSPs showed that the AHSP-users were 
wealthier than the AHSP-non-users. This difference was highly signiﬁcant (p<0.000, t-
test). Unlike other AHSPs, most CAHWs do not charge for drug administration or transport 
and we found that farmers using only CAHWs were signiﬁcantly poorer (p = 0.05) than 
those using only veterinarians (t-test). CAHWs can afford to forego these charges because 
they live in the village and so transport costs little; their standard of living is low so they 
can survive on a small proﬁt margin; and they are linked by social networks to clients, so 
giving a service creates a social debt which clients may repay in other ways. This price
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advantage in clinical service provision makes it very difﬁcult for other AHSPs to compete 
with CAHWs. It also raises the question whether, in the absence of CAHWs, farmers would 
turn to higher price (and perhaps higher quality) AHSPs or forgo treatment? Knowledge, 
Attitude, Practice (KAP) studies carried out in Burkina Faso and Mali suggest the answer 
is, neither. When CAHWs are absent, farmers still use veterinary clinical services at low 
levels and either treat themselves or get treatment from untrained local AHSPs.45
Although able to provide services more cheaply, local AHSPs do not have the same 
advantage in drug supply. The survey found the affordability of trypanocides varied
widely between AHSPs with pharmacies in Mali being the least expensive and private 
veterinarians, VOs and technicians being the most expensive (in that order) see Figure 19.
Figure 19. Prices charged for trypanocidal drugs by different AHSPs.
While CAHWs have a competitive advantage in clinical service provision, veterinary
pharmacies in Mali and Côte d’Ivoire can sell products at lowest prices. Their triple role as 
importers, wholesalers and retailers, as well as their large size and multiple outlets, allow 
economies of scale, while a reasonably open and competitive market encourages them to 
specialize in high-volume, low-proﬁt transactions. CAHWs can sell drugs at lower costs 
than other formal sector providers because they source more from the informal sector and 
other countries where prices are lower.
In terms of expressed preference, most farmers favoured getting medicines from qualiﬁed
and/or trained personnel, and said they did not trust market sellers or itinerant traders. 
They spoke highly of the VOs (but this may be politeness bias as VOs were present at 
most group meetings and VO supervisors carried out the farmer questionnaire survey). 
The private veterinarian was little used and no opinion was expressed of his services.
Some CAHWs were considered to be very good, others to be disinterested and lazy. LAs 
were well regarded, despite the fact that none were functioning, and there were frequent 
requests to restart the community animal health pharmacies. This may reﬂect a desire
to get more grants for the LAs, rather than a genuine conviction of their effectiveness or 
durability.
The social distance between providers and clients is least for CAHWs and the LA, as both 
are recruited from the community and hence share language, ethnicity, social standing
and social milieu. Informal sector sellers are of the same social rank and milieu as clients
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but are often strangers and of different ethnicity. VOs mostly come from outside Mandiana
and their education and professional status creates distance; however, their proximity to 
the villages reduces social distance. Technicians and private veterinarians are socially
remote from clients.
Some actors have a regulatory or norm-enforcing role. This can be a distancing
mechanism as farmers are concerned that they may meet with disapproval or even 
sanctions since many widespread practices are ofﬁcially disapproved (e.g. divagation, not 
using prophylaxis, auto-medication, buying drugs in the informal sector). Table 14, based 
on the results of FGDs, gives the ranking of these different measures of acceptability.
Table 14. Acceptability of different AHSPs
High acceptability Low acceptability
Expressed preference VO LA Pharmacy CAHW Informal
Low social distance CAHW LA Informal Pharmacy VO Private veterinary
No policing function Informal Pharmacy CAHW LA Private veterinarian VO
Quality is not explicitly incorporated in the Four A’s model, (although quality
considerations enter into affordability and acceptability). But as quality of treatment 
emerged in the FGDs as an important consideration, as well as being central to the 
prevention of drug resistance and the policy of service provision, in this study we treated it
separately. 
Quality can only affect animal-health-seeking behaviour if it is visible to clients; AHSPs 
usually have more knowledge and experience of animal disease than clients, and farmers’ 
lack of specialized veterinary knowledge plus the weak coupling between quality of 
service and clinical outcome gives rise to asymmetry-of-information transaction costs 
encouraging a lemons market in which farmers do not pay a premium for quality because 
they cannot tell whether or not they receive it, and AHSPs who provide a quality service
are out-competed by those who do not, with the result that poor quality services (lemons) 
predominate.43 This asymmetry-of-information problem, serving neither client nor AHSP, 
can theoretically be overcome through the development of institutions. In FGDs with
farmers and AHSPs, we discussed if, and to what extent, this was occurring in Mandiana.
The institutional mechanisms found to be important were education and reputation.
Qualiﬁcations and training can be a yardstick to assess quality, and were respected by the 
farmers in the FGDs. However, farmers cannot be certain if AHSPs are using the skills they 
have learned, so training is an imperfect guide to quality. Treatment-outcome is another 
proxy for quality of service, but the problem here is that an animal can be competently 
treated and yet fail to recover (and vice versa); however, by aggregating the experience
of many treatments or many farmers, a more useful estimate of quality can emerge. 
Leonard describes another six institutional mechanisms for overcoming the asymmetry-of-
information transaction cost (viz. government quality control, private corporations, NGOs, 
malpractice suits, threat of withdrawal of license, professional associations and referral 
networks), but as there was little evidence that any of these were functioning in Mandiana,
they are not included in the model. Instead we measured quality directly by assessing
the number of correct treatments given by the different AHSPs and indirectly by assessing
level of education and knowledge of AHSPs. 
The level of education varied greatly between different AHSPs. The highest qualiﬁcation
is that of veterinary doctor (the only qualiﬁcation which unambiguously entitles the 
holder to diagnose and treat sick animals). The private veterinarian and one VO had this
qualiﬁcation. There are no universities in Guinea which award this degree, and in recent 
years the government has provided no bursaries for training outside Guinea. Although the 
private veterinarian was well qualiﬁed, he employed untrained, unqualiﬁed counter-staff 
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to sell drugs, as is usual, so his level of training may not be relevant to the quality of the 
service. Animal husbandry degrees (Ingenieur zootechnician) are granted after a ﬁve-year 
course, covering aspects of animal health; three VOs had this qualiﬁcation. A shorter 
three-year course in livestock or livestock and agriculture leading to the qualiﬁcation of 
Controller (CTE) was held by all the technicians and three VOs.1 CAHWs received on 
average 14 days training in basic animal health (range 5–19 days). Two CAHWs received 
no training but learned while working with VOs. Given the short and basic training given 
to CAHWs, it is unsurprising that professionals ﬁnd it difﬁcult to accept that CAHWs 
can provide a service of acceptable quality, let alone one comparable to that offered 
by professionals. However, as the great majority of the disease burden is due to a small 
number of common diseases, and more highly trained staff rarely put their training into
practice (in Mandiana, surgery, laboratory diagnosis, artiﬁcial insemination and herd 
health are not carried out), it is difﬁcult for the (presumed) advantage of professionals to 
manifest itself.
The percentage of correct treatments (in this case deﬁned as treatments appropriate for 
the disease diagnosed) also varied widely between different AHSPs, with veterinarians,
technicians and CAHWs providing high numbers of correct treatments and untrained
AHSPs (farmers, herders etc.) relatively low levels (see Table 15). This ﬁnding conﬁrms 
farmers’ belief that untrained AHSPs are not as good as trained providers. The difference
was large and signiﬁcant (45.99, 95% CI 32.8 to 59.2, p<0.000). There was no signiﬁcant
difference between CAHWs and VO/technicians (difference 1.72, 95% CI –4.2 to 7.1, P = 
0.722).
Table 15. Quality of treatments by different AHSPs
Correct treatments (%) Transactions*
VO 100 26
Technician 100 3
CAHW 98 58
Untrained AHSP 53 70
* To offset bias introduced by farmer over-reporting of their use of veterinarians, we only analysed data for those farmers who claimed to 
exclusively use the AHSP in question and to have used the AHSP for the last treatment.
The very high level of correct treatment by CAHWs seems to contradict farmers’ claims
that not all CAHWs are satisfactory. Further clariﬁcation revealed that inadequate CAHWs 
have a high drop-out rate and so unsatisfactory CAHWs are not giving treatments.
AHSP knowledge was estimated in three areas: knowledge of trypanocidal drugs, 
knowledge of dosages and knowledge of chemo-resistance. For the ﬁrst topic AHSPs 
were asked to name trypanocides with one mark given for drugs which had trypanocidal
properties and one mark deducted for drugs which had no trypanocidal properties.
AHSPs were asked to rank the efﬁcacy of drugs; if they put non-trypanocides ahead of 
trypanocides, a mark was deducted. AHSPs were asked to give the dose of trypanocide for 
an adult zebu and N’Dama and two marks were given for a correct answer, no marks if
the AHSP did not know and two marks deducted for a wrong answer. Finally, AHSPs were 
asked about the best method to counter chemo-resistance and one mark was given for a 
right response and one mark deducted for a wrong response. The overall marks and the 
marks for each section according to AHSP are given in Figures 20 and 21. 
1. The three National Schools of Agriculture and Animal Husbandry (ENAE) of Guinea (Tolo, Macenta, Kankan) train Animal Husbandry 
Assistants (ATE) and Animal Husbandry Controllers (CTE). The pupils are recruited through a national contest after the Brevet d’Etudes 
du Premier Cycle (equivalent to GCSE) for the ATE or Baccalaureat 1 (equivalent to A levels) for the CT. The duration of each of the 
trainings is three years.
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Figure 20. Overall score.
Figure 21. Breakdown of exam score by topic
It can be seen:
• There is a wide range of marks within each category of AHSP, with the more
specialized and highly trained providers tending to perform better.
• There is considerable overlap between categories of AHSP with the best in the 
lower group scoring much higher than the worst in the higher.
• All AHSPs gave the correct dosage for N’Damas but none are competent to treat
zebus—even among VOs, technicians and veterinarians, 50% gave a wrong dosage
and 50% did not know the dosage.
• The main knowledge deﬁcit for CAHWs was believing that antibiotics or 
anthelminthics could be used to treat trypanosomosis.
• The ﬁndings on knowledge are consistent with the ﬁndings on practice. All trained
AHSPs including CAHWs have acceptable knowledge on the treatment of N’Dama
cattle with trypanocides, and trained AHSPs were more likely to give correct
dosages.
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Quality in animal health care is a contentious area. Few rigorous studies have been done 
on the quality of any AHSP in sub-Saharan Africa, indeed, much more is known about 
the impact and quality of CAHWs than the impact and quality of private or government 
veterinarians. A summary of CAHW studies with references is provided in the annex. 
These CAHW studies are all positive but for the most part were funded and carried out by 
those with an interest in promoting CAHW. However, studies in human health have found 
that community members with minimal training can provide adequate services; and one 
study found little evidence to support the assumption that higher levels of training resulted 
in better prescribing practice.46
We combined the different aspects of service provision quality by ranking the AHSPs from 
1 to 5 as follows (using objectively veriﬁable data as far as possible):
• Accessibility = average distance of AHSP from farmer in km
• Quality = average test score of AHSP and years of training (derived from AHSP
questionnaire)
• Affordability = average price of trypanocides (derived from AHSP questionnaire)
• Availability = average number of products available which farmers believe treat
trypanosomosis and lack of supply interruptions (derived from HH questionnaire
and FGD respectively)
• Acceptability = low policing function and low social distance (assessed by local
staff).
These were then summed to form a straight forward index that approximates the overall 
attractiveness of different AHSPs, shown in Table 16 and Figure 22.
Table 16. Combined rankings of AHSPs
Access-
ibility
Availability
Afford-
ability
Quality Acceptability
Distance Number Supply
Apparent
stock
Cheapness
Years of 
training
Knowledge 
test
Low 
social
distance
Low 
policing
Expressed
CAHW 5 4 3 4 4 3 2 4 4 3
VO 3 3 4 2 2 5 4 3 1 6
Private 
veterinarian
1 1 5 1 1 6 5 1 2 4
Technicians 2 2 1 3 3 4 3 2 3 5
Informal 4 5 6 na 5 2 na 5 5 1
Farmers 6 6 2 5 6 1 1 6 6 2
Figure 22. Overall score of different AHSPs using an objective measure of acceptability.
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In this ‘objective’ model, the overall index excludes the subjective preference of farmers, 
but as this is hypothetically an important predictor of AHSP use, another model was 
constructed using farmer-expressed preference for ranking acceptability. This measure of 
acceptability is more direct, but less objective and more prone to reporting bias (Figure 23).
Figure 23. Overall score of different AHSPs with farmer-reported measure of acceptability.
The ﬁrst model (using objective measures of acceptability) predicts that farmers (that 
is the owner or a resource person in the community) should be the preferred source 
of treatment. Unsurprisingly, farmers score highest on accessibility and acceptability. 
Price is low because farmers do not sell at a proﬁt and either give drugs for free or ask 
only the cost price. The high apparent availability of drugs by less trained AHSPs is
the result of farmers belief that trypanosomosis can be treated with many drugs; in this
(incorrect) belief system, the private veterinarian has only three drugs for trypanosomosis
(all trypanocides) while CAHWs have an average of 7.3 different ‘treatments’ for 
trypanosomosis. More than half of these are not in fact trypanocides, but as farmers do not 
realize this, it will not affect their behaviour choices.
The second model (acceptability based on expressed preference) is broadly similar but 
predicts that veterinary ofﬁcers and farmers will be equally preferred as providers of 
clinical services.
In order to validate the model, we used information on the actual service-seeking
behaviour of farmers. There were three sources of these data: 
1. the farmer questionnaire included a general question on who was responsible for
giving treatments
2. an additional speciﬁc question asked gave treatment the last time an animal was 
 ill with trypanosomosis
3. AHSPs were asked how many treatments they had administered in the last week
and in the last 12 months. VOs and some CAHWs kept records, allowing a check 
on this information.
The more general question on the person responsible for giving treatments elicited the 
majority response that untrained people gave some or all treatments (see Figure 24). These 
included the owner, the herder and other farmers in the communities. The second most 
common AHSP was VOs, but there was some evidence that the role of veterinarians was 
exaggerated. For example, 41 farmers said all treatments were given by veterinarians, but 
11 reported treatments so irrational that it is very unlikely they were given by veterinarians
(e.g. oxytetracycline capsules for cases of trypanosomosis). Farmers know that the 
veterinarian is the person who ‘should’ administer the medicine and accordingly are likely
to say the veterinarian ‘did’ administer the medicine even if this is not the case. They are 
less likely to over-estimate treatments by non-professionals.
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Figure 24. AHSP generally responsible for treatments according to farmers.
Farmers were asked more speciﬁcally ‘who gave the last treatment for trypanosomosis?’
In this case, the majority of farmers said the treatment was given by a VO, followed by 
farmers. Speciﬁc case-related questions may be more accurate than general questions,
however, if the activity is socially less acceptable, general questions may be less 
threatening and more likely to elicit truthful responses.
Finally AHSPs in each category reported the number of animals with trypanosomosis they 
treated in the last week and last year. This number was subtracted from the total number 
of cases of trypanosomosis reported by farmers, in order to estimate how many cases were 
treated by farmers. 
Comparing the three estimations of AHSP involvement shows that results are broadly 
comparable; farmers give many, if not most, treatments (Table 17). VOs and CAHWs 
are signiﬁcant providers of services and private veterinarians and technicians almost 
negligible. The important role of farmers in providing health care has been found in other 
project study areas, and seems linked to the wide availability, ease of use, effectiveness 
and cheapness of drugs, combined with the low availability and relative high cost of 
clinical SPs. A similar situation exists in human health care in developing countries where 
the majority (70 to 90%) of treatments are self-medication.47 A study on health-seeking
behaviour on behalf of sick children in Mandiana showed that 52% of parents provided
health care at home; most commonly antibiotics, anti-malarials or analgesics.44 The minor
role of the private veterinarian in the provision of individual clinical services is predictable
given the number of private veterinarians (one), the multiple roles he performs (drug sale, 
sanitary mandate) and the large number of cattle (131,727).
The main discrepancy between the three measures of actual animal-health-seeking
behaviour is that the number of treatments given by VOs reported by farmers is much 
higher than that reported by VOs (especially in the case of farmer responses to the 
speciﬁc question—see Table 17). Checking VO records conﬁrmed that farmers were over-
estimating the role of VOs. As the questionnaire was administered by VOs’ supervisors, it
seems likely that this introduced a bias resulting in exaggeration of the importance of VOs. 
The recall of AHSPs is considered to be the more accurate estimation of actual farmer 
behaviour.
Table 17. Comparing farmer and AHSP reported animal health care provision
Person treating animal
Farmer answer to 
general question (%)
Farmer answer—
speciﬁc (%)
AHSP record 
(%)
Farmer 52 31 55
VO 32 48 12
CAHW 16 20 29
Technician 0 1.3 4
Private veterinarian 0 0 1
0 20 40 60 80 100 120 140 160 180 200
Untrained
CAHW only
Vet only
Vet and CAHW
Number of respondents
Farmer 
reports of 
speciﬁc
behaviour
AHSP
reports of 
farmer
behaviour
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Comparing the self-reported and AHSP-reported behaviour with the ﬁrst model (Objective 
model, see Table 16 and Figure 22), using a correlation matrix, showed that the model 
matched AHSPs records very closely (r = 0.99), a correlation that was highly signiﬁcant
(Table 18). 
Comparing with the second model (farmer-expressed preferences, see Figure 23) showed 
a high correlation between the model and farmer self-reported behaviour (r = 0.882, and r 
= 0.847), correlations which were also signiﬁcant.
Both models showed very high and signiﬁcant correlations with actual behaviour, 
suggesting they capture actual constructs. Unsurprisingly the model using more objective 
criteria correlated better with behaviour as measured by objective records and the model 
using farmer-expressed preferences correlated better with farmer-reported behaviour.
Table 18. Model and reported behaviour correlation matrix
Farmer reports—general Farmer reports—speciﬁc AHSP record
Farmer report: speciﬁc 0.807, p = 0.099
AHSP record 0.850, p = 0.068 0.463, p = 0.432
Model 1—Objective 0.817, p = 0.092 0.4171, p = 0.424 0.990, p = 0.001***
Model 2—self reported 0.882, p = 0.048* 0.847, p = 0.070* 0.798, p = 0.105
* Signiﬁcant at p = 0.05, *** signiﬁcant at p = 0.001.
Both models have underlying assumptions. They assume that choice of AHSP is largely 
determined by AHSP characteristics, and they assume that motivation can be captured 
by the ﬁve criteria used (availability, accessibility, affordability, quality and acceptability)
and that these criteria have equal weight and can be assessed by the indicators chosen. 
The high and signiﬁcant correlation between model predictions suggests that these 
assumptions are justiﬁable and that demand-side models can be useful in understanding
farmer animal health-seeking behaviour.
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7 Knowledge, attitude and practice of trypanosomosis management
Most farmers know that tsetse ﬂies transmit African Animal Trypanosomosis (AAT), but 
have additional false beliefs on causation. They regard trypanosomosis as the most serious 
disease and treat most cases. Farmers know easily detectable signs of trypanosomosis 
but not more difﬁcult but speciﬁc signs. They recognize trypanocides but incorrectly 
believe antibiotics, wormers and mineral-vitamins are effective against trypanosomosis. 
They understand causes of treatment failure but are unaware of the phenomenon of 
resistance. Trypanotolerant cattle are often kept by force of circumstance rather than 
positive preference. The aspects of drug use most likely to foster resistance are ignorance 
of posology and polypharmacy. 
Although the majority of farmers (83%) know that trypanosomosis is caused by tsetse ﬂies;
a substantial minority, (one in six), do not. Fewer farmers believe that tsetse is the most 
important cause (68%), but hardly any know that tsetse is the only important cause (one 
farmer or 0.3%). Commonly cited causes are shown in Figure 25. Less commonly cited
causes were dirty cattle pens, riverine galleries and wounds. Ticks are the most commonly 
cited secondary cause, and biting ﬂies the most commonly cited tertiary cause. The 
average number of causes sited was 4.1 (median 4, mode 6), see Figure 26.
Figure 25. Numbers of farmers assigning different causes to trypanosomosis.
Figure 26. Numbers of farmers attributing no, single or multiple causes to trypanosomosis.
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The belief that trypanosomosis is caused by drinking from cold, shaded water is common 
throughout the region. The word for trypanosomosis in Bambara is ‘soumaya’, which 
is also used for the disease malaria in people. The root of the word is ‘souma’ which 
means both ‘coldness’ and ‘shade’. The farmers believe that water (‘dia’) surrounded 
by trees is ‘souma dia’ (a concept that combines cold and shade), and that this souma 
is a cause of both malaria and trypanosomosis. Malaria and trypanosomosis are febrile
conditions, which produce shivering and a sensation of coldness. This belief of causation
is in accordance with the anthropological Principle of Similitude (the belief that like
causes like, like is like) which underlies much of ethno-epistemology.48 While cold water 
is not a cause of trypanosomosis, the trees alongside the river that produce coolness and 
shade (souma) are the habitat for the tsetse ﬂies that transmit trypanosomosis, and the 
villagers are correct in identifying a strong association between water shaded by trees and 
trypanosomosis. There seems less rationale for other false beliefs on causation. There is no 
connection between ticks and trypanosomosis and trypanosomosis is non-contagious and 
cannot be caught from sick animals. Biting ﬂies have a role in the mechanical transmission
of trypanosomosis; the exact importance of this is not known but is probably of little
importance.49 However, malnutrition is a predisposing factor for trypanosomosis and also 
one of the effects of trypanosomosis is emaciation; this may have led to confusion.
It is much more difﬁcult to add new beliefs than to remove old ones, so while information
of the role of the tsetse ﬂy is accepted, it does not displace earlier beliefs of causation. The 
false belief in multiple causations would militate against control methods based on vector 
control, but has little effect on treatment-seeking behaviour.
No signiﬁcant difference was found between correct belief and farmer age, number of 
cattle, experience of livestock keeping or ethnicity. However, there was a marked and 
highly signiﬁcant difference between zones as shown in Figure 27 (South 49%, Centre 
88%, North 68%, Chi square, p = 0.000).
Figure 27. Number of farmers correctly identifying tsetse as the main cause of trypanosomosis in different zones.
The majority of farmers recognize the common signs of trypanosomosis, viz. staring coat, 
anorexia, fatigue and weight loss (see Figure 28). However, these signs are non-speciﬁc
and can be caused by many other diseases including the very common diseases of worms 
and malnutrition. Lacrimation is a relatively signiﬁcant sign and was known by around 
half the farmers, whereas the other speciﬁc signs, namely pica, constipation and loss 
of tail hair were known only by a small minority. The presence of fever, anaemia and 
enlarged lymph nodes, (and for T. brucei, corenal deposits) are discriminating signs, but 
were recognized by none of the farmers, although a minority did recognize shade-seeking,
a sign of fever. However, farmers very rarely attribute symptoms seen in other diseases to 
trypanosomosis.
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Figure 28. Numbers of farmers recognizing the different signs of trypanosomosis (no. = 300).
Again there was marked difference between zones with the Centre and North scoring
signiﬁcantly higher than the South (see annex; the Centre score is also higher than that for 
the North, but the difference is not signiﬁcant).
During the Rapid Assessment Procedure (RAP) investigation, focus group discussions
(FGD) with expert farmers and community animal health workers (CAHW) generated the 
signs of trypanosomosis. The group discussions resulted in more correct signs than were 
obtained in the individual questionnaires, including the more speciﬁc signs of anaemia,
fever and oedema (see Table 19). However, none of the participants recognized enlarged 
lymph nodes, corneal deposits, loss of tail hair or pica.
Farmers have a good knowledge of the more easily detectable signs of trypanosomosis and 
a fair knowledge of other signs. The main problems are unequal distribution of knowledge, 
and ignorance of important diagnostic signs.
The level of knowledge was lower than in Burkina Faso, and in Mali, which is probably 
because, with high numbers of crossbreeds and zebus, the latter experience much 
more trypanosomosis. A study with pastoralists in Kenya also elicited more signs of 
trypanosomosis than this study. Again this was in a trypano-susceptible population, and 
pastoralists often have greater knowledge and skills than agro-pastoralists.50
Table 19. Signs of trypanosomosis recognized by farmers and CAHWs
Saladou Dialakoro CAHWs Kantoumanina Farmers
Anorexia Loss of appetite Loss of appetite
Staring coat Staring coat Staring coat
Cessation of rumination Dirty coat Bad breath
Dry nose Fever Nasal discharge
Does not drink Does not eat salt Weight loss
Depressed Tiredness Fatigue
Hanging head Lacrimation Lacrimation
Lack of strength Uninterested
Retarded growth Weight loss
Water in the body Oedema
Less blood Anaemia
Abortion
Stays beside the house
0
50
100
150
200
250
300
Sta
rin
g c
oa
t
An
or
ex
ia
Fa
tig
ue
W
eig
ht
los
s
La
cri
ma
tio
n
W
ea
kn
es
s
Av
oid
s s
un
Co
ns
tip
ati
on
Ne
rvo
us
sig
ns
Ha
ir
los
s
Pic
a
Ch
an
cre
Number of respondents
Expert
farmers
know more 
signs
41
Most farmers recognize the three drugs with proven trypanocidal properties (that is,
homidium bromide, diminazene aceturate (DIM) and isometamidium chloride (ISMM)) 
and these are the most commonly used drugs (Figure 29). In this part of Guinea, infections
with T. brucei appear to be common: the ﬁrst cross-sectional study carried out by the 
project showed that 60% of infections were due to this parasite. Farmers and animal
health service providers (AHSP) are unaware that homidium is not recommended 
by the manufacturers for the treatment of T. brucei, although there is some evidence
it may be effective in some situations.51 They are also unaware of the manufacturers’ 
recommendation that DIM be used at double dose when treating T. brucei infections.
Figure 29. Numbers of farmers (no. = 300) using different types of drugs for trypanosomosis.
In addition to not knowing the treatment protocols for T. brucei infections, most farmers 
(88%) mistakenly believed that oxytetracycline injection (an antibiotic) and wormers 
are effective against trypanosomosis. While these drugs may be of some beneﬁt as 
adjunct treatments if animals with trypanosomosis have other infections, they are not 
effective against trypanosomosis. More than half the farmers believed that oxytetracycline
capsules were effective, but these capsules are intended for human oral use and are 
unlikely to have any effect, especially if given orally as the antibiotic will be degraded 
by rumen micro-organisms. Nearly half the farmers cited traditional treatments, the most 
popular being cai-cedra (Khaya senegalensis). These treatments may be useful against
trypanosomosis but as they have not been clinically evaluated, it is not wise to rely on 
them as sole treatment. 
When it comes to drugs, the problem is not so much the things farmers do not know, 
but the things they do know, that are not true. There is widespread ignorance not only 
of the speciﬁc indications of trypanocides but also the spectra of action for a range of 
veterinary drugs. It is likely that the belief that tetracyclines and treatments for worm 
infections are effective against trypanosomosis arose because veterinary professionals
often use polypharmacy when they are unsure of diagnosis or they suspect inter-current 
disease. Farmers see veterinary professionals giving antibiotics and de-wormers in cases of 
trypanosomosis and, because they do not receive adequate information on why the drugs 
are given, they wrongly assume that antibiotics and wormers are effective against AAT. This
is unfortunate because correcting false beliefs is difﬁcult.52
There was a marked and signiﬁcant difference in knowledge between zones with the 
Centre and North having signiﬁcantly greater knowledge of true trypanocides than the 
South (see annex).
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Farmers had a good knowledge of the possible causes of treatment failure, with most able 
to give multiple reasons, some as many as ﬁve (see Figure 30). Only 11% of farmers could 
give no reason for drug failure. The causes suggested were valid and plausible. Concerns 
with the product were: badly kept, exceeded the sell-by-date, fake, or inappropriate
for the disease. Concerns with administration were: the dilution was wrong, the dosage 
was wrong, the method of injection was wrong, or the person giving the injection was 
incompetent (see Figure 31). Bad diagnosis and delay in treatment are self-explanatory. 
The inter-current diseases most cited were malnutrition and consumption of plastic.
One farmer suggested age and another high pressure of infection. All these are possible
causes of treatment failure. No farmer mentioned chemo-resistance as a possible cause of 
treatment failure.
Figure 30. Number of reasons given for  drug failure.
Figure 31. Most common reasons given for drug failure.
Farmers and AHSPs alike overwhelmingly considered trypanosomosis to be the most 
important disease. Indeed it was trypanosomosis ﬁrst and the rest far behind. In the 
questionnaire survey 77% of farmers experiencing disease in the past 12 months 
considered it to be the most important disease and 90% of farmers considered it to be 
among the top 3 diseases. In the FGDs with CAHWs and expert farmers, all ranked 
trypanosomosis as the ﬁrst disease. In the semi-structured interviews with AHSPs, again all 
considered it to be the most important disease.
Number of reasons
543210
100
50
0
Frequency
0 20 40 60 80 100 120
Product problem
Bad administration
Wrong diagnosis
Treatment delay
Intercurrent disease
Don't know
Number of farmers
AAT is
the most 
important
disease
43
There was a marked difference between zones. In the North 53% of farmers considered
trypanosomosis to be the most important disease, in the South 74% and in the 
Centre 93%. Surprisingly, this is the reverse of the prevalence as measured in initial
epidemiological surveys, where the highest prevalence was found in the North (13%), 
followed by the South (10%) and the Centre being lowest (1%).
Figure 32. Comparing disease prevalence and farmer perception of disease importance.
Trypanotolerance is a major strategy of trypanosomosis control, and, because of emerging
resistance to trypanocides, an important fallback control mechanism. Farmer attitude
towards trypanotolerance was assessed by asking those farmers with predominantly
N’Dama herds why they preferred this breed.
In terms of the most important reason for keeping N’Dama, two groups can be 
distinguished (Table 20). The largest group (64%) are those who favoured N’Dama because 
of breed characteristics. It can be assumed that these farmers have a positive attitude
towards N’Damas and are more likely to continue with the breed. The second group are 
those who keep N’Damas through force of circumstance, because they cannot afford or 
are unfamiliar with zebus, they inherited N’Damas or they mistakenly believe N’Damas 
are better suited to traction, milk or herding. If this group get more information and/or 
more resources (as is likely to happen if current trends continue), they may adopt zebus 
and crossbreeds. 
Table 20. Farmers’ main reason for keeping N’Dama cattle (no. = 300)
Positive preference No. of responses Force of circumstances No. of responses
Adapted to the zone 95 Inheritance 43
Easy to care for 31 Ignorance 26
Easy to feed 30 Poverty 17
Resist trypanosomosis 16 Only breed available 14
Resist disease 11 Mistaken belief 7
Like N’Damas 4 Do not know 1
Total 187 108
There were small insigniﬁcant differences between the zones with farmers in the Centre 
more likely to have positive preferences for N’Damas and those in the South and North 
more likely to be N’Dama owners by default (South: 68% positive preference, North 
63%, South 56%; difference not signiﬁcant using Critical Ratio Z test, p = 0.29). Farmers 
in the Centre and to a lesser extent the South were more likely to cite resistance to 
trypanosomosis as a primary reason for keeping N’Dama, a difference that was highly
signiﬁcant ( p < 0.000). 
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Figure 33. Main reason for keeping N’Dama cattle.
Farmers’ attitude towards N’Damas was also assessed by asking them about their plans 
for the future composition of their herd. Most predicted that the proportion of zebu and 
métis would continue to increase. They also predicted that total number of cattle would 
increase, indicating conﬁdence in the farming system.
These ﬁndings suggest that the N’Dama population is at risk. The last 50 years have 
seen the pure trypanotolerant cattle populations in Burkina Faso and eastern Mali
largely replaced by mixed populations with a majority of crossbreeds and minority of 
trypanotolerant and zebu.
AHSPs were asked to rank the drugs they used to treat trypanosomosis in order of 
preference according to the efﬁcacy of the drug. Three different categories of trypanocides
(TC) were named DIM (Berenil®, and the DIM generics Diamyl®, Diminasen®,
Diminazan® and Veriben®), ISMM (Trypamidium®) and homidium (Ethidium®). Three 
categories of non-trypanocidal drugs (NTC) were also cited; antibiotics (tetracycline
injection, oxytetracycline capsules), de-wormers (Albendazole®, Bolumisole®,
Vadephan® and Vermitan®) and minerals (Ferrobloc®). The most preferred drugs were 
Berenil® followed by Trypamidium®. These were the only drugs to be ranked ﬁrst. 
However, a quarter of AHSPs placed antibiotics or wormers in third place (all CAHWs); 
these drugs are ineffective against trypanosomosis.
Table 21. AHSPs’ ranking of drugs for the treatment of trypanosomosis (no. = 17)
First Second Third Fourth Fifth Sixth Seventh
TC Berenil® 10 4 0 2 0 0 0
TC Trypamidium® 6 4 3 0 0 0 1
TC DIM generic 0 3 5 2 3 0 1
NTC Antibiotic 0 3 3 3 3 0 1
NTC Wormer 0 1 2 6 6 7 4
TC Ethidium® 0 0 1 0 0 0 0
NTC Minerals 0 0 0 0 0 2 0
CAHWs and technicians were most likely to consider NTCs effective, but a majority
of Veterinary Ofﬁcers (VO) also cited these when asked to give drugs used to treat 
trypanosomosis. Among AHSPs, only CAHWs considered some NTCs more effective than 
TCs.
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Figure 34. AHSPs’ attitude towards trypanocides (TC) and non-trypanocidal drugs (NTC).
Farmers were also asked how effective they considered two lead trypanocides, Berenil®
and Trypamidium®. A majority of farmers considered that they were effective all the time,
with Trypamidium® being considered more effective than Berenil®. This may be because 
Trypamidium® is habitually given at double dose, while Berenil is given at a lower dose. 
No farmers thought the trypanocides were never effective, but a relatively high proportion
was unable to give an opinion. In the North and South, high levels of infection were 
detected on disease surveys and there were some indications of resistance. However, 
farmers report failures in the Centre and North only.
Figure 35. Farmer perception of effectiveness of Berenil® and Trypamidium®.
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Farmers have two main strategies for combating trypanosomosis: the use of trypanotolerant 
animals and the use of trypanocidal drugs. The great majority keep N’Dama, but very few 
keep animals just because they are trypanotolerant. Keeping trypanotolerant animals is
a successful strategy; prevalence of the disease is low and mortality is lower still. For the 
30 villages in Mandiana where epidemiological surveys were carried out in the ﬁrst stage 
of the study, the average prevalence was 3%, and this level of disease is not considered
to be a severe problem or constraint on agriculture. Only two villages had a microscopic
prevalence greater than 10%, often considered the threshold of concern. Although this
situation is very positive, there are two causes of concern. The ﬁrst is that even at low 
prevalence many animals may fall sick, and the second is that this strategy is under threat. 
To estimate the number of animals falling sick we calculate the incidence from the 
prevalence as detected by microscopic analysis and the duration of infection using the 
following algorithm:
Incidence = Prevalence / ((1- prevalence) * Duration)
(However, the microscopic method of trypanosomosis is not very sensitive, especially in
N’Dama cattle, due to their ability to control infection, and may underestimate by 1.5 
to 3-fold the real number of animals positive). The seasonal calendars constructed in the 
groups suggest the period of risk is six months, and the average duration of illness is eight
weeks. Using this information the number of infections per year can be calculated (Table 
22). For example in the Centre zone, the microscopic prevalence is 10%; this means with
more sensitive tests perhaps 20% of animals would be positive, corresponding to 81% of 
animals becoming ill each year. Farmers, on the other hand, estimate that 22% of animals
become ill each year. This suggests that farmers in the North and South underestimate the 
number of infections, while farmers in the Centre over-estimate them (Table 22). However, 
subsequent epidemiological studies showed that prevalences in the North and South were 
much lower than found in the initial study. Unfortunately these studies were carried out at 
a time when farmers reported disease was low, making their interpretation difﬁcult.
Table 22. Level of disease estimated by epidemiological surveys and by farmers
Zone
Prevalence Annual morbidity
Microscopic
(%)
Probable*
(%)
Epidemiological survey
(%)
Farmer estimated
South 10 20 81 22
Centre 1.6 32 11 34
North 13.3 26.6 118 11
*Adjusted to reﬂect low sensitivity of microscopy.
Farmers’ second strategy for managing trypanosomosis is the use of trypanocides. A very 
high proportion of animals which farmers consider to be sick (88%) are treated and the 
majority of treatments (52–55%) are given by farmers. A study on childhood mortality in
Mandiana showed a very similar proportion of sick children receiving treatment (90%) and 
a similar proportion of home treatments (52%),44 showing surprisingly little difference in
treatment behaviour for sick children and sick cattle. 
Trypanotolerant cattle by deﬁnition have less need for trypanocides, they tolerate 
trypanosomosis and many self-cure. However, if they are stressed by work, malnutrition or 
inter-current disease, they may become seriously ill and die without treatment. Comparing
the proportion of treatments with the proportion of infections as extrapolated from the 
initial epidemiological studies suggests that fewer animals are treated than are infected in
the North and South and vice versa in the Centre. Later epidemiological studies suggest 
that treatment and infection correspond well. Because the method used (microscopy) 
under-estimates infections and as not all infections need treatment, it is difﬁcult to draw 
conclusions about the appropriateness of the level of treatment.
Practice of 
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On the other hand, the high level of treatment of animals sick enough to be detected by 
farmers, the high satisfaction with trypanocides and the low mortality all indicate that use 
of trypanocides is a successful strategy. The problems are related to the large number of 
NTCs given, the poorly functioning supply system, the quasi-legal position of the main
drug-users which chills the provision of information they need to give drugs correctly.
Because of intermittent failures in supply of diminazene, farmers often use ISMM for 
treating sick animals. Due to ignorance of dosages, this is sometimes used at preventative 
dosages. Giving prophylactic doses to N’Dama cattle is unnecessary and results in
persistent high blood levels of drugs. This is the single factor of practice which is
most likely to foster resistance and is completely avoidable by improving knowledge 
and awareness of resistance. Ethidium is widely used although T. brucei infections
predominate, and ethidium is not recommended for their treatment. DIM is given at the 
dosage of one sachet per animal; this is usually sufﬁcient but would be an under-dosage 
for a large N’Dama with a T. brucei infection.
Changing farming systems and positive attitudes towards zebus means that it is likely the 
farming system in Mandiana will develop as it has done elsewhere in the cotton zone—
that is there will be a general change to métis and even zebus. This will certainly increase
need for trypanocides, thus fostering resistance while at the same time depleting the 
genetic reserve of trypanotolerance. 
Farmers’ lack of knowledge on speciﬁc signs leads to misdiagnosis, in turn resulting in
under-use, over-use and inappropriate use of drugs. Lack of knowledge on the indications
of drugs can result in disease progression, and cases detected late are less easy to cure 
than cases detected early, which again may foster resistance, as the pathogens are exposed 
for a longer period of time drugs.
There is a possible mal-alignment between perception of disease and prevalence of 
disease, which FGDs suggested was related to the lack of trained AHSPs. In the villages
where CAHWs are active, farmers have much higher awareness and willingness-to-treat
than in other villages.
Farmers are unaware of resistance and so do not take it into account when making
decisions on herd composition or treatments.
AHSPs treat trypanosomosis with trypanocides: ISMM, DIM and Ethidium. They 
recommend the use of sanative pairs, i.e. following a treatment of ISMM with DIM in
order to eliminate trypanosomes resistant to the former. This strategy is recommended 
in cases of resistance to a single drug.53 However, AHSPs acknowledge that only a small 
proportion of farmers are willing to pay for this.
AHSPs often recommend ISMM prophylaxis. This is unwarranted in N’Dama cattle and 
will foster resistance.
As these become more common, there is high risk that AHSPs will treat them by the same 
rule of thumb they use for N’Damas (one packet for animal) resulting in under-dosage, a 
major factor in resistance development.
AHSPs routinely practice polypharmacy, i.e. giving several drugs with different spectra 
of action at the same time, for example, a trypanocide, an antibiotic and a wormer. 
Semi-structured interviews suggested they do this because they are unsure of diagnosis.
Polypharmacy is usually regarded as bad practice, but can be clinically justiﬁable when 
diagnostic backup is limited. However, this practice has probably led to farmers’ mistaken
belief that antibiotics and other drugs are effective against trypanosomosis.
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Because of interrupted supplies and variable availability, AHSPs often use ISMM and 
ethidium for treatment; in other areas, these are used mainly for prophylaxis while DIM 
is the main drug for treatment. The issue of drug choice in the presence of resistance is
complex. With trypanocides, as only two main classes of drugs are used in cattle, possible
strategies include; 1) using one trypanocide and reserving the other, 2) using both as single
treatments, 3) using the two drugs in combination.
In the past, a strategy of reserving drugs was often recommended. This meant a drug 
was used until it became ineffective because of resistance and then replaced with a new 
drug. More recently, modelling approaches have suggested that treatment heterogeneity
is a more effective strategy for slowing the development of resistance; that is using both 
categories of drugs contemporaneously, in different animals in the same population.54 The 
level of using each drug depends on its relative cost, effectiveness and the rapidity with
which it induces resistance; these can be modelled to suggest the most appropriate level 
of use of each drug.55 Combination treatments are often more effective than single and 
are used, for example, in drug-resistant HIV and tuberculosis infections. In the case of 
trypanosomosis, when resistance emerges it is often to one category of drugs only. For this
reason, sanative pair treatments are recommended, that is treatment with one category of 
trypanocide (ISMM/Ethidium) followed by treatment with the other (DIM).56
In Guinea, experience has shown that only a minority of farmers will pay for sanative 
treatments. It is very difﬁcult to reserve trypanocides in the absence of regional
harmonization and the presence of a huge informal sector, and it is certain that, if
other drugs are not available, farmers will treat with reserved trypanocides. Given the 
unfeasibility of the strategies of reserving drugs and sanative pair treatments, the most 
practicable strategy is likely to be one of treatment heterogeneity with preference given 
to the drug which is cheapest and least persistent in the blood-stream (DIM). This would 
translate into the following practical recommendations:
• Encourage use of DIM for treating sick animals. This will be facilitated by the AHSP
belief that DIM is the most effective drug.
• When DIM is not available, encourage farmers to use ISMM at curative doses. As
this costs less for the farmer, there is motivation to implement this strategy.
• Discourage the use of ISMM for prophylaxis in pure N’Dama cattle.
Other strategies to address the main fail points in drug use could include:
• Formularies with drug indication and dosages
• Guides to the treatment of zebus and crossbreeds
• Diagnostic aids and decision-support tools
• Guides to posology.
No AHSPs, 
including
the
veterinary
doctors,
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correct
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8 Socio-economic differences between areas of high-resistance risk
and low-resistance risk
Comparing socio-economic factors between zones revealed signiﬁcant differences 
between the two zones at high risk for resistance and the control zone.
An objective of the study was to investigate the socio-economic characteristics of African
Animal Trypanosomosis (AAT) management and drug resistance by comparing areas of 
high disease and therefore presumed high potential for resistance with those in a control 
area of low prevalence and risk. Of the three areas in the study, the North and South were 
selected as having high prevalence and hence potential for resistance, while the Centre 
zone was selected as having low prevalence. (However, later epidemiological studies
found a low prevalence in the North and South and the possibility of resistance in the 
South only.) Table 23 shows differences between zones. Where a factor was higher or 
lower in the control zone (Centre) than in the high-prevalence zones, this was considered
to be a factor potentially linked to resistance. The signiﬁcance of this difference between 
control and high prevalence areas was tested with the Z test for categorical data and the 
paired t-test for continuous data (after normality testing); the p value is given in Table 23. 
(For qualitative data or data measured only at zonal level, no signiﬁcance testing is carried
out.)
Table 23. Differences in risk and socio-economic characteristics between zones
High risk Low risk Linked to 
resistance
Signiﬁcant
differenceSouth North Centre
Remoteness High High Medium X
Use of well for watering cattle Low Highest High
Distance to wells High Medium Low X P = 0.201
Main ethnic group Peul Malinké Peul
Autochthonous High High Medium X P < 0.000
Size of household Medium High Medium P = 0.012
Proportion of active HH members Low High Medium
Education of HH head Medium Low High X P = 0.002
Age of household head Medium Medium Higher X P = 0.705
Sex of household head All male All male 99% male
Experience of livestock keeping Highest Medium Lowest X P = 0.059
Children at school High Low Medium
Wealth: goods Medium Highest Lowest X P = 0.000
Wealth: social High Low Highest X P = 0.391
Membership LA Medium Medium Highest X
Possession of scooter Medium Highest Lowest X P < 0.000
Possession of bike Low Highest Medium
Size of herd Medium High Lowest X P < 0.000
Proportion of zebu and métis 0 Low 0
Proportion of calves High High Medium X P = 0.048
Proportion of draught Low High Medium
Importance of draught Lowest Medium Highest X P < 0.000
Section
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High risk Low risk Linked to 
resistance
Signiﬁcant
differenceSouth North Centre
Importance of ritual High Low Lowest X P < 0.000
Herder not family member Medium High Lowest X P = 0.413
High proportion of female cattle Medium High Lowest X P < 0.000
Preference N’Dama High Medium Medium P < 0.000
Prefer N’Dama because of 
trypanosomosis resistance
Low Low Medium X P < 0.000
Knowledge of cause of AAT Low Medium High X P < 0.000
Knowledge of speciﬁc signs of AAT Low Medium Highest X P = 0.011
Knowledge of lacrimation as a speciﬁc
sign of AAT
Low Medium High X P < 0.000
Knowledge of trypanocides Low Medium Higher P < 0.000
Knowledge treatment failure Low Low High XX P < 0.000
Use of informal sector High High Low XX
Perception of importance of AAT Medium Low High X P < 0.000
Perceived morbidity of AAT Medium Low High X
Sick animals last year Lowest High Medium
Number of problems identiﬁed Low Medium High X
Case of fatality Low High Medium
General use of CAHWs Low Low High XX P < 0.000
General use of VO High Medium Low X P < 0.000
General use of untrained AHSPs Low High Medium
Sought advice Low Medium High X P < 0.000
Veterinarian last time Medium High Low X P < 0.000
CAHW last time Low medium High X P < 0.000
Technician last time Medium High low X P = 0.043
Other farmer last time Low low High X P < 0.000
Herder last time High medium low X P < 0.000
Self last time Low High Lowest X P < 0.000
Treatment Low Medium High X P = 0.009
Perception of efﬁcacy of Berenil® Low Medium High X P = 0.099
Perception of efﬁcacy Trypamidium® Low Medium High X P = 0.044
It can be seen there are numerous and signiﬁcant differences between zones. However, 
it is difﬁcult to be sure what role these differences have in the development of resistance.
For example, herd size is low in the Centre and potential for resistance is also low, but 
there is not necessarily a causal relation between the two. 
High prevalence was measured at the level of zone while socio-economic factors were 
measured at household level. Because prevalence is measured at a zone level, all the 
households in the zone have the same level of resistance. And because there is no 
Ecological
fallacy
Poor drug 
use leads to 
resistance
Ecological (aggregation) bias (fallacy) The mistake of assuming that where 
relationships are found among aggregate data, these relationships will also be 
found among individuals or households.
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variation between households, indicators measured at household level are less useful for 
predicting differences in resistance. In order to investigate the relation between socio-
economic factors and resistance, we therefore needed another factor linked to potential
for developing resistance which varies with households within a zone. The proxy should 
be one that is strongly and causally linked to the development of resistance and also 
inﬂuenced by socio-economic factors at drug-user level. There are many different factors 
involved in the development of resistance (see Diagram 11), but many of these will be 
little affected by socio-economic factors and do not fall within the remit of this study 
(pharmaceutical quality, pharmokinetics, drug policy, pathogen mutation).
Diagram 11. Factors encouraging chemo-resistance.
However, drug use (treatment-quality) is both an important determinant of resistance57
and, according to Health Behaviour Modelling theory, largely and perhaps sufﬁciently
explicable by socio-economic factors. As this was the focus of this study, drug use was 
chosen as the proxy for development of resistance.
Farmer drug use varied between zones, with nearly three times as many clinically
unsatisfactory treatments in the high-disease areas in the Centre and the South compared 
to the low-disease areas, a difference that was highly signiﬁcant (Z test of 2 proportions,
unsatisfactory treatments in high-resistance zone 31%, in low-prevalence zone 11%, 
p = 0.000). This strong and signiﬁcant association between unsatisfactory drug use and 
high potential for resistance supports the use of unsatisfactory drug use as a proxy for 
resistance. Moreover, unsatisfactory drug use leads to avoidable animal mortality and 
morbidity and economic loss to farmers.
Drug use
•Using large amounts of drugs
?Substituting drugs for good husbandry
?Poor diagnosis leading to over-treatment
Under-dosage
?Under-estimation of weight
?Mistakes in dilution
?Bad administration
?Badly stored or date expired drugs
•Delays in treatment
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In the next section, we describe drug-use quality and rationality and with logistic
regression, investigate relations between socio-economic factors and treatment 
outcomes using an Animal Health-seeking Behaviour Model based on the Andersen 
Model.
Figure 36. Differences in numbers of clinically satisfactory treatments between zones (no. = 300).
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9 Animal health-seeking behaviour outcomes
Health-seeking behaviour outcomes are deﬁned, described and modelled using 
the framework developed in section one. A binary logistic regression showed that 
use of trained animal health service providers, farmer concern over African Animal 
Trypanosomosis (AAT), knowledge and experience of trypanosomosis and knowledge 
of drugs used for treatment and number of active household members were associated 
with a signiﬁcantly increased likelihood of clinically satisfactory outcomes, while owning 
crossbreeds and zebus signiﬁcantly decreased the likelihood of satisfactory outcomes.
The ultimate test of animal-health-seeking behaviour is the outcome obtained for the 
animal treated, the farmer and the community. A treatment which is best for the sick 
animal (clinically best) may not be the most economic for the farmer, and all treatments 
probabilistically encourage the development of resistance, an externality which affects 
other and future animals and farmers. We therefore used two measures for outcome; the 
ﬁrst was whether the animal received a clinically satisfactory or unsatisfactory treatment 
and the second, more demanding, criterion was whether the animal received a rational or 
irrational treatment.
Treatment was considered to be clinically unsatisfactory if:
• No treatment was given
• No medication with known trypanocidal action was given
• All medicines given had no known efﬁcacy against any disease condition
Using this deﬁnition, 82% of services received were clinically satisfactory.
Treatment was considered to be irrational if:
• No treatment was given
• No medication with known trypanocidal action was given
• At least one of the medicines given had no known efﬁcacy against any disease
condition
• Two drugs with the same spectrum of activity were given
• Three different categories of drugs were given (polypharmacy).
Using these deﬁnitions only 41% of services received were rational.
Nearly all cattle (88%) believed to be sick received drugs. Many sick animals were 
treated with ISMM at prophylactic dosage. The most common treatment modality was two 
products, most frequently two trypanocides (35%) but also a trypanocide and a wormer 
(25%), or a trypanocide and an antibiotic (15%). Seventy-two out of the 263 animals
received just one drug, usually (86% of cases) this was a trypanocide. Some animals
(21%) received three drugs, most commonly two trypanocides plus a wormer (46%), but 
sometimes antibiotic plus wormer plus trypanocide (19%). A minority of animals received 
four treatments (8%), which typically included a wormer, a trypanocide, and an antibiotic
(83%). Only 8% of farmers gave traditional medicines, and in nearly all cases (23 out of 
25) traditional treatments were used alongside rather than instead of modern drugs.
Treating sick animals with ISMM may foster the development of resistance. Isometamidium
remains in the animals’ body for two to three weeks unlike DIM which is removed in
Section
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Rational Drug Use is deﬁned by the World Health Organization (WHO) as the use 
of medicines appropriate for the disease, administered correctly for adequate time
periods and at the lowest cost to the client and their community.58
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a matter of days so treating with ISMM means trypanosomes are exposed to drugs for 
a longer period. However, choice of ISMM instead of DIM will not have any adverse 
effects on the animal being treated, and indeed will have beneﬁts by decreasing the risk
of infection and can therefore be considered as a clinically adequate treatment. There 
was a high level of polypharmacy (giving many different classes of medicine). This is often 
considered as indicative of sub-standard treatment, and is widespread in human medicine
in developing countries.59 Again, polypharmacy will have few negative effects and may 
have positive effects on the animal treated, so it can be considered as clinically adequate. 
These are treatment modalities which beneﬁt the animal treated, but result in unnecessary 
expenditure by the farmer and increase the chance of development of resistance; rational
from the perspective of the animal, the treatments are irrational when the perspective 
of the client and community are taken into account. Use of traditional drugs was not 
considered irrational or clinically unsatisfactory if other trypanocidal treatments were also 
given.
There were  more clinically unsatisfactory treatments reported by farmers who used 
exclusively trained animal health service providers (AHSP) compared to those who used 
untrained, a difference that was highly signiﬁcant (clinically satisfactory treatments by 
untrained AHSPs 63%, by trained AHSPs 84%, p< 0.000).
Figure 37. Number of cattle receiving multiple treatments and categories of treatments given.
The adapted version of the Andersen Animal-health-seeking Behaviour Model was used 
to categorize socio-economic factors inﬂuencing behaviour. Factors which the initial
statistical analysis suggested differed in no interesting ways between zones, or were 
measured only at zonal level were excluded and the remaining factors were entered 
into a binary logistic regression model with robust standard errors to allow for lack of 
independence of data.
Binary logistic regression was performed to estimate the factors predicting the outcome 
of satisfactory clinical treatment. First a causal diagram (Diagram 12) was constructed 
showing how different factors could affect the rationality of treatment. Table 24 shows the 
causal linkages. Logistic regression was performed for each variable and those which were 
signiﬁcant at 0.1 or less were retained in the ﬁnal model.  The pseudo R squared was 71% 
suggesting the model explained much of the variation in treatment success. The following
factors were signiﬁcant predictors of satisfactory treatment.
• Farmers with many cases of trypanosomosis. This conﬁrms Leonard’s hypothesis that
long association and experience of many treatments can overcome the transaction
cost of asymmetry of information resulting in higher quality animal health services.
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• Farmers with greater knowledge of drugs. There are several reasons why farmers
lacking drug knowledge may have fewer satisfactory treatments. Ignorant farmers 
treating themselves will be less likely to give correct drugs. If they use another
AHSP, they are more likely to be cheated or to shop in a low-quality ‘lemons’
market. The former is a principal-agent problem; the AHSP taking advantage of the
farmer’s lack of knowledge to give an ineffective treatment; in the latter case, the
farmer unable to judge quality will go for the lowest-price service.
• Farmers who considered trypanosomosis to be the most important animal health
problem. Greater concern is likely to lead to more investment in seeking treatment
and hence better outcomes.
• Farmers receiving services from CAHWs or veterinarians. This reﬂects the ﬁndings
discussed earlier that trained AHSPs give signiﬁcantly and substantially more
satisfactory treatments than untrained AHSPs.
• Farmers with more active family members. This will lower the transaction costs of
seeking and giving treatments.
Diagram 12. Animal Health-seeking Behaviour Model.
Table 24. Factors explaining health seeking behaviour
Variable Causal link Signiﬁcance
Farmer Ethnicity
Age
Number of active HH members
Possession of scooter or bike
Education (years, type)
Use of animal: draught, cultural
Herd size
Pastoralists have higher success
Older farmers more success
Increases access to medicine
Increases access to medicine
Educated have higher success
Draught farmers more concern
Larger herd, less success
ns
ns
***
**
ns
***
***
Disease
perception
Know correct treatments
Know signs of disease
Perceived importance of AAT 
Perception of treatment success
More knowledgeable have more success
Seek treatment
More likely to seek good treatment
Have more conﬁdence in treatment
***
***
***
***
Disease Prevalence More cases, will be more competent ***
Environment Distance water
Source water
Water is close, more disease
Use well, less disease,
ns
*
Animal Breed
Sex
Role
Herd size
More exotics, less success
More females, less success
See above
See above
***
ns
***
***
Social context Advice sought More success ns
AHSPs Trained AHSP used More success ***
Environment
Farmer
Age, sex, ethnicity, resources, position in
household
Education, experience, skills, habits
Need for animal
AHSP
Social context
Homogeneity
Connectedness
Perception of disease
Aetiological model
Expected benefits
Perception of disease
Aetiological model
Expected benefitsDisease
Chronic or acute, severity,
Prevalence, resistance
Chronic or acute, severity,
Prevalence, resistance
Breed, age, sex, race
Immunity
Role, value
Animal
Disease
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Factors which were measured only at zonal level and so could not be modeled, but which 
were qualitatively associated with satisfactory outcome, were high membership of LA, low 
distance to commercial centers and low use of the informal sector.
Factors which were not found to inﬂuence the outcome included the roles of cattle, 
knowledge of the signs of trypanosomosis, means of transport, use of a well for watering
animals and belief in the efﬁcacy of treatment.
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10 Conclusion
African farmers are highly dependent on livestock and, in Africa, disease is considered the most important
constraint to livestock production. While epidemiological studies and routine surveillance reports give 
some limited information on the existence and prevalence of disease, much less is known about disease
management. Ofﬁcial policy for much of Africa is that diagnosis and clinical services are the prerogative of 
the veterinarian. This is also the stance of the World Animal Health Organization, justifying it by the need to 
prevent misuse of veterinary drugs.
The reality of animal health service provision, while predictably very different from this ideal of highly
trained professionals competently providing health services, is rarely studied. In human health where this
topic has received more attention we know that, globally, auto-medication predominates and that health 
provision involves an array of actors, many of whom operate informally, providing a mixture of services, with
a wide range in coverage, cost and belief systems. While much less is known about animal health services, it
is likely that a similar ‘buzzing, blooming’ confusion exists. Our lack of understanding is not surprising, given 
the medical and veterinary sectors are dominated by professionals who would appear to ignore a reality at 
once against their core beliefs in how health should be delivered and at the same time in direct opposition to 
their ﬁnancial interests.
This study looked at farmer knowledge, attitude and practice of managing trypanosomosis, the most 
common cattle disease, in Northeast Guinea. It revealed the complexity of the animal health system and 
the important role of farmers. Most cattle which farmers consider to be sick (88%) are treated and most 
treatments (52–55%) are given by farmers. (Interestingly, a study on childhood mortality in the same area 
showed a very similar proportion of sick children receiving treatment and a similar proportion of home 
treatments.) Medical treatment is not the only strategy, and farmers use a mixture of methods to manage 
disease, but it is an important strategy. A wide range of other actors are involved in animal health provision,
most of whom are operating outside the strict deﬁnition of their mandate and many of whom are frankly 
illegal. Interestingly, private veterinarians, who are supposed to have ﬁlled in the gap left by the withdrawal of 
state veterinarians from clinical services, have a negligible role in service provision and their survival is only 
possible by carrying out government contracts. Community animal health workers, a grassroots development 
strategy which has been greatly contested and is now only grudgingly accepted, are the only actors who 
are providing acceptable services at meaningful levels in the community, without subsidy and with minimal
support.
This study provided much detailed information of the farming system in Northeast Guinea which will be used 
in the development of interventions to improve the health and productivity of livestock. At the same time
some of the lessons learned may have wider application:
• The evidence that very little training of people with livestock experience and skill can result in
very high levels of performance (98% of CAHW treatments were satisfactory), while high levels 
of training will not necessarily ensure competence in dealing with novel situations (none of the 
tertiary trained professionals knew the correct treatment for exotic cattle).
• Understanding that farmers and the community are likely to have a central role in animal health 
service provision in developing countries, and that this is probably a good thing.
• Understanding that policies which are appropriate and workable in the Organization for 
Economic Cooperation and Development (OECD countries) may not be so in developing
countries and vice versa.
• The importance of ground-truthing policy and, where policy has proven completely 
unworkable, considering that changing the policy may be better than changing reality. 
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Annex 1: Statistical tests
Linear regression: Herd size
The regression equation for herd size is:
Tot_bov = –19.0 + 5.62 Zone – 0.0821 Age HH Head + 0.495 HH size – 0.371 Active HH members + 1.17 
Bicycles 
Predictor Coefﬁcient SE coefﬁcient T P
Constant –19.046 7.452 –2.56 0.011
Zone 5.616 1.173 4.79 0.000
HH size 0.4952 0.1320 3.75 0.000
Scooters 8.750 1.160 7.55 0.000
Exp. Farming 0.16392 0.05194 3.16 0.002
Prevalence 8.439 3.065 2.75 0.006
Problems 1.0445 0.4236 2.47 0.014
Age of HH head –0.08209 0.04680 –1.75 0.080
No. of active/HH –0.3712 0.2146 –1.73 0.085
Bicycles 1.1685 0.5304 2.20 0.028
S = 10.59; R-Sq = 63.3%; R-Sq(adj) = 61.3.
Logistic regression: satisfactory clinical treatment predicted by other variables
satisfactory Odds Ratio Std. err. z P>z [95% Conf. Interval]
logactive 3.990 2.760 2.000 0.045 1.029 15.481
Bicycles 0.708 0.164 -1.490 0.137 0.449 1.116
Scooter 3.950 4.737 1.150 0.252 0.376 41.443
Cultural 2.688 2.796 0.950 0.342 0.350 20.641
Herd size 0.954 0.040 -1.120 0.265 0.878 1.036
Treatments 2.225 0.870 2.040 0.041 1.034 4.788
Signs 0.909 0.204 -0.430 0.669 0.586 1.410
Importance 14.549 9.611 4.050 0.000 3.986 53.108
Efﬁcacy 2.435 1.693 1.280 0.200 0.623 9.512
Well 1.077 0.953 0.080 0.933 0.190 6.100
Just trained 5.187 4.353 1.960 0.050 1.002 26.863
Cases 22.848 14.899 4.800 0.000 6.365 82.018
Log pseudolikelihood = -40.287404 Pseudo R2  =  0.7120  N=300
Log_active Number of active household members (log)
Bicycles Number of bicycles owned
Scooter Possession of one or more scooters
Cultural Considers the main role of cattle to be cultural
Herd size Number of cattle owned
Treatments Number of correct treatments known
Signs Number of signs of trypanosomosis known
Importance Considers trypanosomosis to be the most important disease
Efﬁcacy Considers treatments to be always efﬁcacious
Well Uses a well for watering cattle
Just trained Only uses trained service providers
Cases Number of cases of trypanosomosis
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ANOVA: knowledge of risk factors
Zone Mean Std. Dev. Freq.
South 3.68 1.6198267 100
Central 3.84 1.0417545 100
North 2.60 1.1976408 100
Differences South-North, and Central-North signiﬁcant at p<0.000 (Bonferroni adjustment)
Differences South-Central are not signiﬁcant
ANOVA: knowledge of AAT signs
Zone Mean Std. Dev. Freq.
South 3.27 1.5818095 100
Central 3.87 1.397364 100
North 3.79 1.3049633 100
Differences South-Central signiﬁcant at p=0.01 (Bonferroni adjustment)
Differences South-North signiﬁcant at p=0.032
Differences Central-North not signiﬁcant
ANOVA: knowledge of trypanocides
Zone Mean Std. Dev. Freq.
South 1.96 1.145214 100
Central 3.56 1.1833867 100
North 3.95 0.41132945 100
Differences South-North, and Central-North signiﬁcant at p < 0.000 (Bonferroni adjustment)
Differences North-Central signiﬁcant at p = 0.020
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Annex 2: Studies on the impact of community animal health workers (CAHW)
Principal ﬁndings Place
Quality of 
study
Authors
Decrease in livestock mortality of 5–10%, Beneﬁts to 
farmers USD 120 thousand per district. Cost:beneﬁt 6:1
Afghanistan High Schreuder et al. 1995; 
Ward et al. 2000
Increased livestock production where CAHWs were active 
was worth USD 57 thousand per year. Farmers with CAHW 
services were more likely to have a tin roof, window glass, 
ox cart, plough and radio
Malawi Good Huttner 2000
Farmers reported decreased disease and increased proﬁts 
due to the activities of CAHWs, and high satisfaction with
CAHWs over the 7-year study period
Somaliland Good Sanaag 1999
CAHWs achieved 95% vaccination efﬁciency for 
rinderpest—the highest efﬁciency reported in Africa since
the campaign began 
Somaliland Good Mariner et al. 1994
In Kenya, animals treated by CAHWs had similar clinical
outcomes to those treated by veterinarians, and much better 
outcomes than those treated by farmers
Somalia / 
Kenya
Good Grace et al. 2002
In East Africa, there are 230 organizations training CAHWs, 
27 thousand have been trained, half of whom are reported 
to be active and having beneﬁts on animal health
East Africa Moderate Grace 2003
Decrease in mortality of 70–200%. Beneﬁts equivalent to 
USD 48 per household
Kenya Moderate Holden 1997a
Decrease mortality, increase HH milk consumption and 
dependence on food aid
Kenya Moderate Holden 1997b
95% of CAHWs active and successfully treating animals
after 3 years
Cambodia Moderate Intertaglia 2000
CAHWs treated over 65% of small ruminants during a 5-
month period
Lesotho Poor Abdel-Messieh 1989
More than half CAHWs (no. = 1000) have excellent to good 
impact on animal health
Ghana Moderate to 
poor
Hanks et al. 1998
Beneﬁts of CAHWs in terms of improved calving rates and 
herd performance amounted to USD 170 per farmer
Indonesia Moderate Neemark and Morris
1988
CAHWs trained at a total cost of USD 200 each, the 
subsequent saving from decreases in mortality was valued at 
USD 800/CAHW per year—a cost–beneﬁt ratio of 1:4
India Moderate Anon 2000
Treatment of calves for roundworm by CAHWs results in a 
cost–beneﬁt ratio of 1:8; treating for liver ﬂuke produced a 
cost–beneﬁt ratio of 1:47
Thailand Moderate Lohr et al. 1988
70% of farmers surveyed used CAHWs; they considered that 
animal disease was less of a problem since CAHWs were 
introduced
Nepal Moderate Young 1992
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Annex 3: Construction of wealth indices
In the survey, limited data were gathered relating to wealth. A wealth index was composed taking into
account the following; ownership of bicycles, ownership of motorcycles, ownership of cattle. It was 
standardized as follows:
Motorcycles Score Number of bicycles Score Number of cattle Score
0 0 0 0 1 0
1 5 1 1 2–5 1
>1 10 2 2 6–10 2
3 3 11–20 3
4 4 21–30 4
5 5 31–40 6
6 6 41–50 8
7 7 >50 10
8 8
9 9
10+ 19
A social capital index was constructed taking into account polygamy, proportion of household members who 
are active and proportion of children at school.
Adult females/adult 
females + adult males
Score
Enrolled/all
children
Score
Active / active 
+ non active
Score
0.51 to 1 0 1– to 5% 1 Less than 50 0
0.5 10 5.1 to 10% 2 50% 2
0 to 0.49 5 10.1 to 15 3 51 to 59 4
15.1 to 20 4 60 to 69 6
20.1 to 30 5 70 to 79 7
31 to 40 7 80 to 89 8
> 40 10 90 to 99 9
100 10
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